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USE OF CALPAIN INHIBITOSS IN THE IMHIBinON 
AND TREATMENT OF NEURODEGXraEXATION 

The present invention relates general^ to the field of neuroprotectants and more 
5 spedficaDy to the use of inhibitors of caldum-stimulated proteases, such as ca^ain, as 

therapeutics for neurod^eneration. 

Neural tissues, induding brain, are known to possess a large variety of proteases^ 

including at least two caldum-stimulated proteases^ termed ca^iain I and calpain H, which 

are activatf d ty mirnrm"^"*' mffllmnlflr Cs?:"^ cimoentraiions, rey ectivd^. Calpainsare 
10 a &mily of calcium actuated thiol proteases that are present in many tissues. Ca^ainllis 

the predominant form, but ca^ain I is found at synapses and is thou^t to be the fonn 

involved in long term potentiation and syn^tic plastidty. 

Thiol proteases are distinguished from s^ine proteases, metaUoproteases and other 

proteases by. their mechanism of action and fay the amino add residue (cysteine) that 
15 partidpates in substrate attadc Althougji sevCTal thiol proteases are produced by plants, 

these proteases are not common in ip^H^fnaK with cathq>sin B (a fysosomal exayme)^ other 

cathq)sins and the calpains being among the few representatives of this fami^ that have 

been described in mammals. CU^ain I and ca^nin II are the best described of these, but 

several other members of the calpain faxoSy have beoi rq>orted 
20 Other Ca^'*'-activated thiol proteases may exist, sudi as those rq>orted by Yoshihara 

et aL in J. BioL Chem. 265:5809*5815 (1990). The term "CaJ^ain" is used hereinafter to 

refer to any C&^**'-activated thiol proteases induding the Yoshihara enzyme and ca^ains I 

andn. 

While Ca^ains degrade a wide varied of protein substrates, cytodcdetal proteins 
25 seem to be particular^ susceptible to attack. In at least some cases, the products of the 
proteofytic digestion of these proteins by Ca^ain are distinctive and persistent over time. 
Since cytoskdetal proteins are major components of obtain types of cells, this provides a 
simple method of detecting Calpain activi^ in cells and tissues. Spedficaify, the 
accumulation of the breakdown products ("BDPs") of spectrin, a cytoskdetal protein, has 
30 been associated with the activation of Ca^ain. In neural tissues, activation of Calpains, as 
evidenced by accumulation of these BDFs, has been observed in mai^ neurodegenerative 
conditions, induding denervation resulting from focal dectrolytic lesions, genetic 
abnormalities, exdtotoxidty, Alzheimer's disease, following isdiemia in gerbils and following 
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administration of the tosms kainate and colchicine in iats» ^en administered po^herally 
orcentralfy. 

Commm^aSy avaOahle in vitro inhibitors of Cai^ain indude peptide aldehydes such 
as leup^tin (Ac-Leu-Leu-Arg-H), as well as q^oiQ^suocinates such as E-64. These 
5 compounds are not useM in inhibiting Ca4)ain in Central Nervous System (^'CNS'*) tissue 
in vivo because tfaqr are pooiiy membrane pemeant and, according, do not cross the 
Uood brain barrier vezywdL Also, niany of diese inhibitors are poody specific and will 
inhibit a wule variety of proteases in adcfition to CaJ^iam. Ihese commercial^ available 
conq)ounds are based upon peptide structures diat arebdieved to interact vfiA the substrate 
10 binding site of Ca^pain. Active groiqis associated with the Ca^mm inhibitors then either 
block or attack die catat^ moiety of Calpam in order to inhibit die emgme. 

In addidon, other ^fpes of confounds thought to possess in vitro Calpain inhibitory 
activ&y that are not commercial^ availahie have been reported Examples of such 
compounds indude the pqitide diazomethanes. See Rich, Inhibitors of ^steine 
15 proteinases, in Protease Inhibitors, AJ Barrett and G Salversen, Eds^ Elsevier, New Yorlc, 
1986, ppl53-178, the disdosure of vrfiicfa is hereby incorporated by rderence. These pq)tide 
diazomethanes are similar^ thoug|it to be pooify membrane permeant and non-specific. 

There is some evidence that certain particular inhibitors of Ca^ain have certain 
therapeutic utilities. For example, leupq)tin can fadtitate nerve rqiair in prunates. 
20 Loxastatin (also known as EST, Ep-460 or E-64d), a dmvative of E-64, is believed to have 
udli^ in die treatment of muscular dystrophy. E^d, while not having significant protease 
inhibitory activity itsd^ is bdieved to be converted to more potmt forms, sudi as to E^64c, 
inside a mammalian bod|y. 

Evidmce from electropl^siQlogical studies suggests that one of the earliest factors 
25 in the diain of reactions leading to cell death is an increase in intracellular*free caldum as 
a consequence of Ca^*** diannd q>aiing and/or energy dqdedon. Intracellular caldimi is 
likely to produce alarge number of oonsequmces, induding the activation of alarge number 
of enzymes, induding proteases, sudi as Calpain, leases and kinases. An increase in 
intracdiular caldnTn is also thought to induce changes in grae eqiression. 
30 isdieTn?^, head trauma and stroke have all been associated with the rdease of 

^utamat ft in amounts large enough to lead to escdtotoricily, the toxicity resulting from the 
actions of c^tain amino adds on neurons of the CNS. The excess ghitamate and other 
factors, sudi as free radical damage of membranes or energy depletion, cause an increase 
in intracellular Ca^***. It is known that an excess ofintracelluIarCa^'*' leads to sev^al effects 
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bdieved to be associated with neuronal ceU damage, including destruction of cell structures 
through activation of phosphd^ase and Calpain, as well as free radical production resulting 
from activation of phospholqiase and xanthine ooddase. Many other factors have been 
associated with neurotoxicity. For example, reductbns in action potentiab and changes in 
a wide variety of chemical maricers are known to be associated with neurons exposed to 
isdiemic conditions. 

Notwit h standing die fioregoing untferstandii^ of certain aspects of neurota&cily» no 
effective th^apy has yet been developed for most neurodegenerative diseases and conditions 
oftheCNS. Nfinions of individuals suffer from these diseases and conditions. Thus, there 
is a need for therapies effective in treating and preventing these diseases and conditions. 

Summary of the Inventing 

The present invention provide the use of a Ca^ain inhibitor compound or a 
pharmaceutical^ acceptable salt or derivative thereof for the manufacture of a medicament 
for inhibiting or treating neurodegenwation in a mammal having or likely to ejqjerience a 
neuropathology associated with neurodegeneration. In certain embodiments of this use, the 
neurodpgeneration is occurring due to exdtotoadcity, HIV-induced neuropathy, isdiemia 
following denervation or injuiy, subarachnoid hraionhage, stroke, mult^le infarction 
dementia, Alzheimer's Disease, Huntmgton's Disease, or Parkmson's Disease. The 
medicament can comprise a pharmaoeuticaUy acceptable carrier and is for parenteral 
adnunistration, such as for transdmnal administration, subcutaneous injection, intravenous, 
intramuscular or intrastemal injection, intrathecal injection directly into the CNS or 
infusion. The medicament can also be in a form suitable for oral use. In some 
embodimmts, the medicament is for substantially preventing neurodegeneration in a patient 
undergoing surgery during and subsequent to the surg^, such as for a patient undorgoing 
neurosurgery, cardiovascular surgeiy or a surgery using general anesthesia. The C^ain 
inhil^xtor compound preferably enters tissue of the CNS of the mammal, such as throu^ use 
of a membrane-permeant Calpin inhibitor. 

The present invention also provides an in vitro method of selecting Calpain 
Inhibitors for use as Calpain Inhibitor protectants in the in vivo treatment or inhibition of 
degeneration. Ihis method indudes idrotifying compounds having Calpain inhibitory 
activity m vjtTQ, and identifying those compounds with Calpain inhibitory activity that are 
membrane penneantthrou^ an ittvilm assay for membnme permeance. The in vitro assay 
for membrane permeance can indude providing a plurality of tissue portions from a 
mammal; treating at least one, but not all, of the tissue portions with a Calpain Lihibitor, 
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subjecdog the tissue portions to an event that can cause degeneration in untreated tissue; 
measuring the amount of degeneration that occurs in the tissue portions; and con^anng the 
amount of degenostion that occurs in the treated tissue portions with the amount of 
degeneration occurnng in the untreated tissue portions. The amount of degeneration in the 
5 treated tissue portions being less than the amount of degeneration in the untreated tissue 
portions indicates that the Cai^sain Ihhibitar is merobrane-penneant The tissue portions 
in some embodiments axe brain slioesi platelets or celbmcDbu^ The me asu ring step in 
some embodiments invokes ana]t{rang the tissue portions for fte presence of the BDFs of 
a cytodcdetal component such as ^ectrin, NiAF2» actin binding protein or tau. The 
10 mfiifi^irjftg step can also indnde measuring the electrical activity of the tissue portions. The 
in vitro assay far membrane permeance can be performed by measuring ±e ability of the 
i>lpflfn ihhihitor to penetrate platelet membranes and inhibit endogenous Calpain of the 
platelets. 

The present invention also provides the use of a Substituted Heterocyclic Compound 
15 or a pharmaceutical^ acceptable salt or derivative Aereof for the inanu£Bu:ture of a 
medicament for inhibiting or treating neurodegeneration in a mammal having or likety to 
experience a neuropathology associated with neurodegenOTtion. The medicament is 
prrferahty for fnhihiting or treating neurodegeneration of the CNS. The Substituted 
HetCTocydic Compound preferably is a member of the Class I Substituted Isocoumarins, the 
20 Class H Substituted Isocoumarins or the Oass IH Heterocyclic Compounds. More 
preferably, the Substimted Heterocyclic Compound is 3-cfaloroisocoumarin; a 3,4- 
didiloroisocoumarin; a3-alkGKy*7-amino-4-diloroisocouniarin; or a7-substituted 3-aUKi^-4- 
cbloroisoooumarin. The use of Claim 17, wherein said Substituted Heterocyclic Confound 

25 NH-CnPrOIQ PhCHiNHCONH-CSTElOIC; PhCHaOONH-CiTEtOIQ or D-Phe-NH- 
CSIEtOIC 

Another aspect of the present invention provides the use of a Peptide Keto- 
ConQ)ound having Calpain inhibitory actmty or a pharmaceutical^ acceptable salt or 
derivative thereof for the manufacture of a medicament for inhibiting or treating 
30 noirodegeaeration in a ipflmmal having or likefy to expedience a neuropathobgy associated 
widi neurodegenrntion. The medicament is preferably for inhibiting or treating 
neurod^raeration of the CNS. The Peptide Keto-Compound preferably is a peptide o- 
ketoester, a peptide o-ketoadd or a p^tide e-ketoamide. More preferabty, the Peptide 
Keto-Compound is a member of one of the following subdasses: Dipqjtide o-Ketoesters 
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(Siibdass A), Dipq>tide a-Ketoesters (Subdass B), Tripeptide a-Ketoesters (Subclass A), 
Ti^eptide a-Ketoesters (Sobdass B), Tetrapq>tide a-Ketoester8» Amin Add Pqitide 
a-Ketoe8ters» D^eptide a-Ketoadds (Subdass AX DqMptide a-Ketoadds (Subdass B), 
• TcfMptide a-Ketoadds, Tetrapeptide e-Xetoadds and Amino Add Peptide a^EetoaddSi 

5 Dq>eptide a-Ketoamides (Subdass A% Di^tide e-Ketoamides (Subdass B), Itipeptide 
» a-Ketoanudes, Tetrapq)tide e-Ketoamides or Amino Add a-KBtoamide& 

Still another aspect of the present invmtion pnnddes the use of a Halo-Ketone 
Pqp tide having Ca^)ain inhibitory activitjr or a pharmaoeuticaUy aoceptahle sah or derivathre 
thereof for the manufacture of a medicament for inhibiting or treating neurodegeneration 
10 in a m a mm al having or Widfy to experience a neuropathology assodated with 
neurodegeneration. The medicament is preferabfy for inhibiting or treating 
neurodegeneration of the CNS. Ihe Halo-Ketone Peptide can be an amino-halo ketone 
peptide or a diazo*ketone peptide. 

The uses of the present invention of Substituted Heterogrdic Compounds, Peptide 
15 Keto-Conq>ounds or Halo-Ketone Peptides can be used in connection with 
neurodegeneration assodated with excitotoxidty, HIV-induoed neuropathy, ischemia, 
subarachnoid hemorrhage, stroke, brain seizure, major heart attadc, multqde infarction 
dementia, AUieim^s Disease, Huntington's Disease or Parkinson's Disease. The 
medicamrat of these uses can include a pharmaoeutically acceptable carrier, and be far 
20 parenteral administration, such as transdermal administration, subcutaneous injection, 
intravenous, intramuscular or intrastCTal injection, intrathecal injection directfy into the 
CNS or an infusion technique. The medicament can also be in a form suitable for oral use. 
These uses can also be in connection with neurodegeneration is ooconing from ischemia- 
inducing events, stroke, head injuty, major heart attadc, brain seizure, near drowning carbon 
25 monoxide poisonings surgeiy-rdated brain damage or another event known to cause 
neurodegenmition. 

Another aspect of the preset invention provides a method of minimizing proteolysis 
in an in vitro sample containing peptides or proteins during or following the processing, 
^ production, prqsaration, isolation, purification, storage or tran^ort of the samples, 

30 comprising the addition to the sample of a Substituted Heterocyclic Compound or a P^tide 
Keto-Compound that is a monb^ of one of the following subdasses: Dipeptide 
a-Ketoesters (Subdass A), Dipqitule a-Ketoesters (Subdass B), Trqseptide a-Ketoesters 
(Subdass A), T^rq>q>tide a-Ketoesters (Subdass BX Tetrapeptide a-Ketoesters, Amino Add 
Pq)tide a-Ketoesters, Dq>q)tide a-Ketoadds (Subdass A), JXpcp^de a-Ketoadds (Subdass 
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B), Tripqitide a-Ketoadds, Tetrapeptide a-Ketoadds, Amino Add Peptide a-Ketoadds, 
Dipeptide a-Ketoamides (Subdass A), D^>eptide a-Ketoamides (Subdass B), Tripq>tide 
a-Ketoamides, Tetr^epdde a-Ketoamides or Amino Add a-Ketoamides. The present 
invention also provides a method of minimizing d^radation resulting fiom Ca^ain acdvitsr 
5 in a tissue sanqde donng or fidlowing prqiaration of the samplA, comprising the addition 
to the sample of a Substituted Heteroc^dic Confound, Pqptide Keto-Compound or a Halo* 
Ketone Peptide. Ihe sample can be a ^ole ocgan and the addition of con^mid 
compiisespeEfiidonoffheorganwiditheconqxiunddissobe^ PreEoabi^, following 

the additicm step, the tissue sample is used in an assay far neurod^goieratxon vvfaerein the 

10 assay comprises a test for the products of Ca^iain activity in the tissue samples. Hie 
addition of conqiound in either of these methods can indude the addition of a Pq)tide 
a*Ketoadd to the sample. Preferably, this Peptide a-Ketoadd comprises a compound that 
is a member of one of the Mowing subclasses: Dq)eptide o-Ketoadds (Subdass A), 
Dq)q)tide a-Ketoadds (Subdass 6), Tnpeptide a-Ketoadds, Tetrap^tide a-Ketoadds or 

15 Amino Add Peptide a-Ketoadds. 

Yet another aspect of the presoit invmtion provides pharmaceutical conq>ositions 
for the treatment or inhibition of neurodegaieration. These compositions indude a 
pharmacotogicaliy effective neuroprotective amount of a Substituted Heteroc^clie 
Compound, Pqjtide Keto-Compound or Halo-Ketone Peptide, or phannaceuticaH(r 

20 acceptable salts or decivadves hereof in a phannaoeuticaify accqita b l e fiDnnulation 
ro ntfltning a canier material In one preferred embodnnent, a Pqitide Keto-Compound is 
induded in the oonqKisition wherein said P^tide Keto-Conq>ound comprises a compound 
from one of the following subdasses: Dqtqitide a-Ketoesters (Subdass A), Dipq)tide 
a-Ketoesters (Subdass B), Ti^qrtide o-Keloesters (Subdass A), Tr^wptide a-Ketoestas 

25 (SubdassB), Tetrqieptide a-Ketoesters, or Amino AddPeptide a-Ketoesters. ThisPq}tide 
Keto-Con^ound is preG^al^ one of the following compounds: Bz-DL-Ala-CCX)Et, 
Bz-DLpAla-COOCH2-CgH4-CF3 (para), Bz-DL-Lys-COOEt, PhCO-Abu-COOEt, 
(CH3)2CH(CH2)2CO-Abu-COOEt, CH3CH2CH)2CHCO.Abu-COOEt or 
Ph(CHy^OO-Abu-COOEt Another prefraed Peptide Keto-Compound is one of the 

30 following compounds: Z-Ala-DL-Ala-COOEt, Z-Ala-DL-Ala-COOBzl, 
Z-Ala-DLAla-COOnBu, Z-Leu-Nva-COOEt, Z-Leu-Nle-COOEt, Z-Leu-Abu-COOEt, 
Z-Leu-Met-COOEt, Z-Leu-Phe-COOEt, Z-Leu-4-Cl-Phe-COOEt, 
2-NapS02pLeu-Abu.COOEt, Z-Leu-NLeu.C02Et, Z-Leu-Phe-C02Bu, Z-Leu-Abu-C02Bu. 
Z-Leu-Phe-C02Bzl, MeO-Suc^Ala-DL-Ala-COOMe, or Z-Leu-Abu-CCyBzL Still other 
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Peptide Keto-Compounds for use in the preferred oonq>oaitions are one of the following 
compounds: Z-Ala-Ala«DL-Ala-COOEt, Z*Ala*Pro*DL-Ala-COOEt, 
Z-Ala-Ala-DL-Abu-COOEt, Z-Ala-Ala-DL-Abu-COOBzl, 
Z-Ala-Ala-DL-Abu-COOCH2-C(H4-CF3 (para), H-Leu-Ala-DL-Lys-COOEt, 
5 Z-Leu-Leu-Abu-OOOEt, Z-Leu-Leu-Phe-COOEt, MeO-Suo*Val.Pto-DI/-Phe-CX>OMe or 
2-NapS02-Lea*Leu-Abu-OOOEt A preferred Pq)tide Keto-Compound oould also be 
MeO-Suo-Ala-Ala-Fjro-DI/Abu-OCX3Me or Z-Ala-Ala<Ala-DLAla-COOEt Still oth^ 
preferred Pqytide Keto-Conqxiunds would be a compound from one of the following 
subclasses: D^q)tide a-Ketoadds (Subdass A), D^^tide a-Ketoadds (Subclass B), 

10 Tripq)tide e-Ketoadds, Tetrapq)tide a-Ketoadds or the Amino Add Peptide a-Ketoadds. 
Thus, prefOTed Peptide Keto-Compounds could be one of the following compounds: 
Bz-DL-Lys-COOH, Bz-DL-Ala-COOH, Z-Leu-Phe-CXWH or Z-Lcu-Abu-CX)Oa A 
compound from one of the following subclasses: D^q)tide a-Ketoamides (Subdass A), 
Dj^eptide a-Ketoamides (Subdass B), Trq>eptide a-Ketoamides, Tetrapeptide 

15 a-Ketoamides or Amino Add a-Ketoamides, could also be used in the preferred 
compositions. Thus, another prdierred Pq>tide Keto-Compoimd would be one of the 
foUowiog compounds: Z-Leu-Ph&<X>NH-Et, ZpLeu-Phe-CONH-nPr, Z-Leu-Phe-CX)NH- 
nBu» Z-Leu-Phe-CX)NH-iBu, ZpLett-Phfr<X)NH-Bzl, Z-Leu-Phe-CONH-(CH2)2Ph, Z;-Leu- 
Abu-C»NH-Et, Z-Leu-Abu-CONH-nPr, Z*Leu-Abu-CONH-nBu, Z-Leu-Abu-CONH-iBu, 

20 Z-Leu-Abu-CONH-BzI, Z-Leu*Abu-OONH-(CH2)2Ph, Z-Leu-Abu-CONH-(CH2)3- 
NiCH^CH^O, ZpI^Abu<X>NH-(ai2)7CH3, ZrLeu-Abu.CX)NH-(CH2)20H, Z^LeuAbu- 
CX>NH-(CH2)20(CH2)20H, Z-Leu-Abu-CX>NH-(CH2)^7CH3, Z-Leu-Abtt-CX>NH-CH2* 
6^3(0013)2 or 2>Leu-Abu-CONH-CH2-C4H;4N. The con^tosition can also indude a 
Substituted Hetrnxiydic Con{x>und sudi as one of the Class I Substttuted IsocoumannSi 

25 Class n Substituted Isocoumanns or Class m Heteroqrclic Compounds. Pteferred 
Substituted Heterocydic Compounds are 3-cfaloroisocoumarin, a 3,4-didiloroisoooumarin, 
a 3-aIkca7-7-amino-4-diloroisocoumarin, a T-^bstituted 3-alko97-4-chloroisocoumarin; 
QTPrOIC, NH2-CfrPrOIC, PhCH2NHCONH-CfIPrOIC, CH3CONH-CiTPrOIC, L-Phe- 
NH^SlPrOIQ PhdyraCONH-aTEtOIC, PhCHjCONH-CnEtOIC, or D-Phe-NH- 

30 CTIEtOIC In these compositions, the conq>osition is prefmhiy in dosage form comprising 
from 70 |xg to 7 g of active ingredimt in eadi dose, and the carri^ material indudes a 
liquid, wh^ein the oonq>osition is in dosage form and wherein eadi dose con^rises from 
03 ml to 1 liter of said carrier material The compositions can additionally indude at least 
one of the fiolkiwing: DMSO or other organic scdvent, a i^id carrier, a detergent, a 
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siu&ctant, or an emulsifyxng agent Hiese conq>ositions can be suitable for parenteral 
administration or in a form suitable for topical application. The compositions can be in a 
vaiietjr of fDims, sudi as an aqueous solution, a lotion, a jelfy, an oiljr solution, or an oify 

5 The present invention also provides die use of a Substituted Heteroc;^ Compound 

as a tftwtieanigmtj Ae use of a Halo-Eetone Peptide as a medicament, and die use of a 
Pqitide Keto-Conqiaund as a medicament, herein said F^tide Keto-Coiqraund is a 
compound firom one of the fcdiowipg subclasses: Dq>q>tide a-Ketoesters (Subdass A), 
Dqpqitide a-Ketoesters (Subclass B), TcQieptide a-Eetoesters (Subdass A), Ti^q)tide 
10 tt-Eetoesteis (Subdass B), Tetrapq)tide a-Ketoestets, or Amino Add Peptide a-Ketoesteis. 
Pre&ired Peptide Keto-Compounds in this use indude any one of the Pq>tide Eeto- 
Compounds described above in connection widi Ac pharmaceutical con^ositions. 

Brief Summary of the Figures 
Figure 1 shows the percentage of inhibition of ^utamate-induccd cdl death through 
15 the addition of gtntamatft and various Ca^ain Inhibitors relative to control where no 
glutamate was added 

Figure 2 graphically depicts the effects of Z-Leu-Fhe-CONH-Et (CX269) and Z-Leu- 
Abu-CONE-Et (CX27S) on the size of infarction produced i^on MCA oodusion in male 
rats. 

20 Fjgure 3 diows the effects of CX216 (Z-Leu-Ph&CQ2Et, a P^de Keto- 

Compound), and CLl (Ao*Leu-Leu-NIe-H) rdative to oontrd dices on survival of 
hqipocanq)al slices eaqposed to 10 minutes eqiosure of anoxic atmosphere where bodi of 
fliese compounds were added at their optimal inhibitoxy concentration at bodi 1 hour and 
2 hour incubation times. 

25 Figure 4 diows the evoted potential amplitude for oontrd, CEl treated and CX21S 

treated h^ocampal dices over a time course during which the dices are exposed to anoxic 
atmosphere. 

Figure 5 shows the percent recovery of EPS? firom severe hypoxia over the course 
cf one hour incubation for ZpLeu-Phe^NH-Et (CX269) and Z-Leu.Phe-CX)2Et (CX216). 
30 Figure 6 shows a con^arison of the efEect of the presence of dl or CX216 on 

survival of hippocampal slices expressed as the duration of anoxia (in minutes) before fiber 
volley disappearance. 

Figure 7 shows die effects of dl compared with control on die behavioral and 
convulsive effects of kainic acid. 
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Figure 8 shows the amount of spectrin BDP's in rat brains exposed to kainate for 
control and dl treated rats. 

Detailed DescriBtion of the Tnvenrinn 
A. INTRQPUgnoW 

We have discovered that Ca^pam activation is an event central to many cases of 
brain atrophy and degeneration and that inhibition of Ga^pain aloneis sufBdent to inhibit 
or prevent cell deterioration and loss. Thus» we have further discovered that inhibition of 
Cal^Mun provides protection from neurotaaddQr associated many neurodegenerative 
conditions and diseases. 

In accordance with the foregoing discoveries, we believe that the elevation of 
intraceQular calchim associated with neuropathological conditions in neuronal cells activates 
Ca^ain and sets in motion the digestion of neuronal cells from within. We believe there 
may be other me ch a nism s of activation of Calpains associated with these conditions. 
According, one aspect of the present invention is directed to inhibition and treatment of 
the neurodegeneration and other diseases associated with this digestion through the 
i n h ibition of Calpain activiy. Tlius^part of this aq)ect of the present invention is to prevent 
the neurodegeneration and odier pathology caused by this digestion throu^ the in vivo 
administration of Ca^ain inhibitors. Byway of emmple, and nnt «f Hfnitfltfn n^ dtffeatws and 
conditions which can be treated using this aspect of the present invention indud 
neurodegeneration fidlowing orcitotaxicity, HIV*induced neuropatlqr, ischemia, denervation 
friEowingisciiemia or injury, subarachnoid hemorrhage, strote, multQ)le infarction dementia, 
AUieim^s Disease (AD), Parkinson's Disease, Huntington's Disease, surgeiy-related brain 
damage and other neuropathotogical conditions. 

As stated above, spectrin BDFs have be» found to be associated with Cb^iain 
activation in vivo. We have observed that in each instance of neurodegeneration in which 
BDP's characteristic of Ca^ain activation are detected, Ca^ain activation is localized to the 
brain areas most vulnerable to the particular pathogoiic manipulation. In addition, as 
judged by histological methods, Ca^ain activation precedes overt evidence of 
neurodegeneration. According, Ca^ain activation is spatially and temporally linked to 
impending or ongoing cell death in the brain. Thus, we believe that Calpain activation is 
an important mechanism of cell damage and death in many pathological conditions, 
including neuropathological conditions. Moreover, there is evidence that the activation 
of Ca lp a in s is an ear^ event in the death of cells induding neural cells. TUs is in contrast 
to other known proteases v^iidi are activated at later stages of cell death. Thus, we believe 
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tbat, advantageous^, f niithitinn nf Qalpftin agriwqr prowdes intarventioii at an eaify stage 
of oeD death, pdor to significant deterioration of ceOolarmacfameiy. 

Another aspect of die invobement of CRipains in neuod^generation is th 
invGivement of diese proteins in regeneratu^g lystems. It is known tliat derolopipg or 
5 regenerating axons are somdiow inhibited from fiirther development in a stabilization 
process called the "stop patfawsQr * This stabilization can occur when axons have reached 
dieir targets; however, in some sj^stems stahOizaticm can al^ 

One researcher has developed evidence that this stop pathway operates at least in part by 

the activation of iatraceUuIar Calpain and that inhibition of Ca^ain can interfere with 
10 stabilization (Luizzi, 1990). We believe that Ca^ain inhibitors, ^^len used in accordance 

with the present invention, can advantageously aid regeneration and recovery of neural 

tissue after injury, in addition to inhibiting neurod^meration. 

Another aspect of the present inv^on is our discovery that at least three classes 

of coinpounds, the substituted isocoumarins, the pq>tide keto-conq)ounds and the Halo- 
15 Ketone Pq)tides have Calpain inhibitory activity. We have further disoov^ed, as will be 

described hereinbebw, that these diree dasses of compounds esdiibit additional prop^es 

tfiat render them especially useful as dierapeudcalfy efiEective compounds in die treatment 

of neurodegenerative ocmditions and diseases. 

B. SUBSnTOTBD WBTRRQCYCTJC COMPOUNDS 
20 One partfcPhr dass of COmpOTP^" gthlhtring ralpam mhihitory aetiw^, when used 

in accordance with the present invention, are the substituted heterogfclicoompoui^ These 
compounds indude the substituted isocoumarins. The substituted hetmKydicoonq>ounds 
are known to be fmrUffnt inhibitors of serine proteases. As discussed hereinbelow, we have 
now discovered that these conq>ounds are also inhibitors of calpain I and calpain II, and also 
25 cf other Chains. Additional^, as also discussed below, we have found that, unlike most 
known inhibitors of ralpaing^ these substituted het^oqrdic compounds are not effective as 
inhibitors of papain or cathq)sin B. Thus, we bdieve that the substituted heterocydic 
compounds provide a relativdy specific means of inhibiting Ca^ains while not affecting 
oiher thiol proteases. 

30 One particular class of substituted heterocydic compounds with Ca^ain inhibitoiy 

activity are the isocoumarins having cationic substituents. These substituted heterocyclic 
compounds are r^erred to herein as the "Class I Substituted Isoooumarins." The Class X 
Substituted Isocoumarins are known to be excell^ inhibitors of several serine proteases^ 
indnding bovine thrombin, human thrombin, human btitor Xa, human factor Xla, human 
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fact r XHb, bovine tijipsin, human plasma plasmtn^ human tissue plasminogen activator, 
human hmg tryptase, rat skin tiyptase, human leukocyte dastase, porcine pancreatic 
eiastase, bovine dqmotiypsin and human leukoc^ The Class I Substituted 

Isoooumaiins inhihh the serme proteases by reaction with the ac^ 
aqfl aayme^ which in some cases may &rther react with another active site nudeophile to 
fonn an additional oovalrat bond. We have discovered that the Class I Subsdmted 
Isoooumarins also react widi Galium. We believe that the mechanism of action of Ca^ain 
inhibition is sunibr to Oat of die inhibition of serine proteases smce the reaction 
medianism of ^Ipyinff is similar to that of die serine proteases. 

The Class I Substituted Isoooumarins having Ca^ain inhibitory activity have die 
following structural fDtmula: 



Y 



or a pharmaceutical^ aocq)table salt, wherein 

Z is selected from the groiq) consisting of Cl-6 alkoxy with an amino group attached 
to the alkoxy group, Cl-6 alkoo^with anisothuireido groiq> attached to the aOoaxy group, 
Cl-6 alkoxy with a guanidino ^up attached to the alkoxy group, Cl-6 alkoxy with an 
amidino group attached to the alkoocy groiq>, Cl-6 alk}! with an amino group attached to the 
alkjd groiq), Cl-6 aOyl with an isothiureido groiq> attached to the all^l group, Cl-6 all^ 
with an guanidino group attached to the alkyl group, Cl-6 aDgl with an amidmo group 
attached to the all^ group, 

R is selected from the groiq) consisting of 0«C«N-, S=C»N-, AA-NH-, AA-AA- 
NH-, AA^, AA-AA-O-, M-NH-, M-AA-NH, M-AA-AA-NH-, M-O-, M-AA-O-, M-AA-AA- 
0-, 

wherein AA tepresents alanine, valine, leucine, isoleudne, proline, methionine, 
phenylalanine, tryptophan, g^dne, serine, threonine, cysteine, tyrosine, beta-alanine, 
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nodeudne, norvaline, a^ha-amin butyric add, epsflon-anunocqiroic add, dtruUine, 
tydroD^roline, ornithine or saroosme, 

wherein M represents NH2-CO. NH2.CS-, NH2-S02.. X-NH-CO, X-NH^S, X- 
NH-S02, X-CO-, X-CS-, X-502-, X-0-CO-, or X-O-CS-, 
5 ^Aerein X rqjreseats Cl-6 alkjd, Cl-6 flnoroalkyl, Cl-6 alkjd substituted with K. 

Cl-6 fluoroaDc^ substituted with X, phenyl, phenyl substituted with J, phenyl disubstituted 
wiA J, fheafi tiisubsdtuted with J, na^ihtfay], nqihdiyi substituted widi J, naphthyl 
disubstituted wiA J, ns^hdqd trisubstituted with J, CIS OkyL wMi an attached phenyl ffoup, 
Cl-6 all^ wifli two attadied phenyl groups, Cl-6 alkyl with an attadied pheiqA group 
10 substituted with J, or Cl-6 alkyl widi two attached pbeqd groups substituted widi J, 

wherein J rqmsents halogen, OOOH, OH, CN, N02, CIS allgrl. Cl-6 alkoxy, Cl-6 
all^Iamine, Cl-6 dialfylamine, or Cl-6 all^I-O-CO-, 

wiierein Krepresents hatogen. COOH. OH, CN, NQ2, NH2, 01-6 alkyhunine, Cl-6 
diaDgdamine, or Cl-6 allgd-O-CO-, 
15 Y is selected from the group consisting of H, halogen, ttifluoromethyl, m&hyU OH 

and metho37. 

The compounds of Fonnula (J) can also contam one or more substituents at position 
B as shown in the following structure: 

20 BO 




wfaerdn electronegative substituents such as N02, CN, d, COOR, and COOH wiU 
increase Ae reactivity of the isocoumarin, and electropositive substituents such as NH2, OH, 
30 alkoQcy, thioalkyi alkyl, alkylamino, and diallgiamino will increase its stability. Neutral 
substituents could also increase the stability of acyl eazyme and improve the rfEecdveness 
of the inhibitors. 

The following compounds are rq)resentative of the Class I Substituted Isocoumarins 
of the present invention: 
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4-diloro-3-(3-isothiiireidopropa)cy)isocouz^^ (CfTPrOIC) 

7-(ben2ylcarbamoylainmo)-4<Uoro-3-(3- 
isotMureidopropoo7)isocoumarin (PhCH2NHC0NH-CiTPrOIC) 

5 

7-^heiiylcaibamoylaiiiino)-4-€faloro-3-(3- 
isotluiireidoprop(U7)i80COumarin (PhNHOONH-CnPrOIC) 

7-(ace9lamiDo)-4-cfaIoro-3-(3- 

10 jsothiiireidopn9a]7)isoocnimam (CBSCONH-CnVrOIC) 

7-(3-pheny^opionylainino)-4-cfaIoro-3-(3- 
jsothiii]^qprc9axy)isocoiiinaik (FhCmaB2CX>NH-CrrPrOIC) 

15 7>(phenylacetylamino)-4^oro-3-(3* 

isotiiiiireidopropa]9)i50oou^^ (PhCHZOONH-CmirOIC) 



20 



35 



7*(L-phenylalanylainino)-4<faloro*3-(3- 
isothiureidopropQ3iy)isoooumann (L^Phe-NH*CiIPrOIC) 

7-(N-t-bu9la}7carbonyI-I^phenjdaIaii^^ 
(Boc-L-Phe-NH-CilRrOIC) 



7-(D-phenylalaiQ4amino)-4-diIoro-3-(3- 
25 isotUureidq)ropaxy)isocoiiinarin (D-Phe-NH-OTPrOIC) 

7-(N4-but^a37caibonyl-D*phenylalBnylanuno)^ 
(3-isothiiireidopropo3Qr)i$ocoumarin ^oc-I>Fhe*NH-CfIPrOIC) 

30 7*(beii2ylcaibam0ylamino)-4<falo 

isothiurddoetha]gr)isooouinarin (PhCmNHCONH-CflEtOIC) 



7-(phenylcarbamoylainmo)-4-chloro-3-(2- 
JsotUiireidoetha]7)i50COuniarin (PhNHCX>NH-CiIEtOIC) 

7-(isopropylcaibampylammo)4<^orcH3-(2^ 
isotUureidoetha37)isocouinarin ((CH3)2CHNHCONH-CnEtOIC) 



7-{phaiyIaoetylainmo)-4-cfaloro-3<-(2« 
40 isothiurddoetha3Qr)isocoumai]n (PhCH2CONH-CiTEtOIC) 

7-(I^phenylalanylamino)-4-Gfabro-3^2- 
isothiiireidoetha37)isocoumarin (LpPhe-NH-CflEtOIC) 

45 7-<N44>ut3toqoiboii^-I^eii^al^ 
(Boc-L-Phe-NH-OIEtOIC) 



50 



7-(D-phenylalanylainino)-4-chloro-3-{2- 
isothiiireidoeih<»cy)isocouinariii (D-Phe-NH-CiTEtOIC) 
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25 



7.(N.t^-_, . . . 

(Boc-D-Phe.NH-<3IEtOIC) . . v ^ ui ^ /^o 

7.fN.t.butyloxycarbonyl.L.alanyl-L.aUnyIamiiio)-4.chlor .3.(2. 

jsoa,iuieidoetlia7)isc)couniana (Boo-Ala-Ala-NH-OIEtOIC) 

7.(L-aIai^-I^alaiqtoinmo)-4-chIor(>-3-(2- 
isotbiiireidoetha]7)isocoumann (ala.Ala.NH-CiIEtOIQ 

7.(l-naphtl^learbamoyiBinino)- 4 - chln ro-3-(2. 
10 isothiiireidoethoogr)isoconinam ^aphtlqlNH-CSIEtOIQ 

7.((S).o-metlyIbai^icarbamc)yiainii«))-4-eUoK^ 

15 7.fmw-inethyIben2^caibamqylainko).4<Moro. 

isiflumeidoei4y)iM0oum^ 

7.dansylaniino-4-chIoro-3.(^isotliinreidoeft (DansjiiNH-^aiEtOIC) 

20 7.pheiwlliiiocaibanu^ainioo-4-cUoro-3.(2. 

isothiurddoetha^)isocoiiniaiin (etiNHCSNH-OIEtOIC) 

jsithiuceidoedia]7)isoooiin^ (m-COOH.PhNHCSNH-CnEtOIC) 

7.(p-caibooOThenyKluDcaibam(g!)aini^^ 
i8oSteeidoethcBy)isocoiiinaria (p<XX5H-PliNHCSNH-aiEtOIC) 

74inino-4.cfaIoro.3.^-isoduureidopnvcH7)iso(»umaim 
30 (ACmC) 

bocoumanns wifli basic substituoits are also known to be effectbe inhibitors of 
serine proteases. See Powers et al. VS. Patent No. 4,845^2, the disdosure of which is 
hereby inoQiporated by reference. This dass of compoimds, referred to herein as the "Caass 
35 n Substituted Isoooumaiins," along with ti»e other substituted heterocydic compounds, is 
bdieved to be effecthre in die use of the present invention. 
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Hie Class n Substituted Isoooumazins have the following structural formula: 



5 




10 

or a phannaoeutxcalfy aooq}tahIe salt, who:ein 

R is selected from the group consisting of -N-H-C(=NH)-NH2, -C(=NH)NH2, Cj^ 
alkyl with an attached amino, and C^^ allgrl with an attadied isothiureido of the formula - 
S.C(+NH2+)NH2, 

15 Z is selected from the group consisting ci H, halogen, C^^ alkji C^^ all^l with an 

attached phenyl, C^.^ fluorinated a&yl C^^ all^l with an attached hydrcoQd, C^^ all^l with 
an attached C^^ zSkaxy, C^^ alkoay, C^^ fluorinated alkoa^, C^.^ alkoxy with an attached 
phenyl, ben^o^^, 4-fluorobenqdoi7, •OCH2C^ 4R' (2-substituent), •OCH2C^4R' (3- 
substituent), -OCaH2C^4R' (4-substituent), -C)CH2C5H3R2' r.^-5':bst:ti;ents), - 
20 OCB^C^3R2' (2,4-substituents), -0002^^3^2' (2,S-substitttent5), 0/.:^' '6^3!^' (2>6- 
substituents), •OCH2C^H3R2' (3,4-substituents), and OCH2C^3R2' (S^substituents). 

R* is selected from the group consisting of H, halogen, trifluoromethyl, NOj, cyano, 
metliyl, methoo^, aoe^l, carbazyl, OH, and amino. 

Yis selected from the group oonsistmg of H, halogen, trifluoromethyl, methyl, OH, 
25 and methoo^. 

Alternately, the Class II Substituted Isocoumarins are rq)resented by structure (II) 

where, 

Z is selected from the group consisting of C^^ alkoxy with an attadied isothiureido, 
Cj^ alkoxy with an attached guanidino, C^^^ alkxuQrwith an attached amidino, C^^ alkyiwith 
30 an attadied amino, C^^ aDgd wit'^ : attached isothiureido, C^^ aikyl with an attadied 
guanidino, C^^ ali^l with an att£ nudino, 

R is selected from the gi sisting of -I, OH, NH2, NO2 halogen, C^^ alkoxy, 
C^^ fluorinated alkoxy, C^^all^l ylwii . rtadic ' mino, M-AA-NH-, M-AA-0-, 
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wherein AA rqiresents alanine, valine, leucine, isoleudne, proline, methionine, 
pho^Ialamhe, tiyptophan, ^dne, serine, threonine, ^steine, ^rosine, a^aragine, 
^utamine, a^artic add, ^utamic add, lysine, arginine, histidine, beta-alanxne, nodeudne, 
norvaline, alpha-aminobutydc and qisilon-aminocapmic acid, dtruDine, hydroKyproline, 
5 ornithine and sarcosine, 

Yibstdn M rq>resents H, lower alkanqjl hacnng 1 to 6 carbons, caxbo^adkancqi 
hydrosyalkanofyl, amin^aDcanoji benzene sidfim^ tosjd, benzqjl, and lower aDgA sulfonyl 
having 1 to 6 caibons, 

Yis selected from the groiq) consisting of H, halog^ tafluorometb^ methyl, OH 
10 and methflogr. 

As a fiirthtf alternative, the CSass n Substituted boooumarins are represented by 

structure CD) where 

Ris selected from the group consisting of -N-H-C(=NH>NH2^ -C(eNH)NH2, C^^ 
allgrl with an attadied amino, C^^ all^l with an attached isothiureido, 
15 Z is selected from the group consisting of C^^ aUcoy with an attached amino, C^^ 

alkmy with an attached isothinreido, C^^ alkoqr with an attached guanidmo, C^^ alkoxy 
with an attached amidino, Cj^ allgi with an attached amino, C^^ alfcyi with an attached 
guanidino, C^^ allgd with an attached amidino, 

Yis selected from the group contisdng of H, halogen, trifluorometlgi methyl, OH 
20 and methoo^. 

The following conqiounds are rq>resentative of the Class n Substituted 

Isocoumaxins: 

3-(3-anunopropG09)isocoumarin, 

S^S-aminoprppoo^H-chloroisocoumann, 
25 3-^isothiureidoetha]7)-4-ddoroisocoumarin, 

3-(3-isothhireidoprqpooQr)-4-diloroisoooumarin, 

7.amino-3-(3-isodihzreidopropa37)-4<hbroisocouma^ 

7-guanidino-3-methoQ^isocoumarin, 

7.giianidino-3-metho97-4-chIoroisocoumazin, 
30 7-guanidino-3-etha39isocoumaiin, 

7-guanidino-3-etha37-4-chloroisocoumarin, ^ 

7-guanidino*3-(2-phen]4etha}7)isocouinarin, 

7-guanidino-3-(2*phenyletho37)-4-chloroisocoumarin. 
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StOl anotha dass of susfastitiited heterocydic compounds useful in the present 
invoition is refecred to herein as the "Class IH Heterocjr'dic Confounds* and have the 
foDowmg stnictural formula: 




10 

wherein 

Z is selected from the group consisting of CO, SO, SO2, CQ and CF, 
IS Yis selected from the group consisting of O, S and NH, 

X is selected from the groiqp consisting of N and CH» and 

R is selected from the group consisting of C^^ all^l (such as metlqd, ethyl and 
prppjd), Cj^ alkyi containing a phenyl (sudi as ben^), and C^^ fluoroall^ (such as 
trifluorometliyi pentafhioroetl^ and heptafluo ropropy l). 
20 Ihe Z groiq) must be dectrophilic dnce it interacts with the acthre site serine OH 

groq» of the serine protease. Ihe R group must be undiarged and Igrdrophobic. One or 
more of the carbons in the R groi:p could be replaced by 0» S, NH and other such atomic 
groiqis as long as the R group maintams its l^drcq>h6hic diaracter. 

Hie following compounds are representative of the Class m Heterocydic 
25 Conq>ounds: 

2*trifluoromethyl-4H-34-benzoxazine«4-one, 

2-{)entafluoroethyi-4H-3, l.benzaxazine-4K)ne, 

2*heptafhioropro|^-4H-34-b»izoxazine-4-one, 

2-methyi-4H-34-benzoaxBzine-4-one, 
30 2*propyi-4H-3,l-benzoaxazine-4-one, 

2-ben^l-4H-3,l«bexixoazazine*4^ne, 

2-hq)tafluoropropyl-4-quinazQlinone, 

2|)ropyl-4-quinazcdmone, 

2-ben2yl-4-quinazoImone» 
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2-(C^E[5CCl2)-4-diloroqiunazoIixie» and 
2-propyl-4-cfaloroqirina7n1fne, 
The Caass IE Hetenxydic Compounds ar disclosed in Powers ct aL, U,S. Patent No. 
4JM7^202, the dSsdosure of which is hereby incorporated by reference. 
5 Other substituted hetOTxydic compounds have been prepared earlier for other 

purposes, such as S-chloroisocoumarin, Davies and Poole, J. Qiossu Soo, pp. 1616-1629 
(1928); 3<Moro and 3,4-didiloroisocouniarin, NClevsk^ Bdinskaya, and Yagupdydi, 
Zhur. Org. Khim. 9, pp. 2145-2149 (1973); 3-methyl and 4-carba^3-metbgflisocoumarin, 
ISrodkar and Usgaonkar, Ihd. J. Caiem. 7, pp. 1114-1116 (1969); 7.nitro and 7- 

10 aminoisoconmadn, Choksey and Usgaonkar, Ihd. J. Chem. 14B, pp. 596-598 (1976). The 
disclosures of all of the preoedmg articies are hCTeby incorporated by refierence. These 
other substituted isocomnarins are also believed to exhibit 
used in accordance vn3i die present invention. 

Stni oAtt substituted isocoumarins whidi have been prepared recratfy for inhibition 

15 of serine proteases are 3-diloroisocoumarin, Harper,Hemmi, andPowers, J. A. Chem. Soa 
105, pp. 6518-6520 (1983); 3,4-diddoroisocoumarin, Harper, Hemmi, and Powers, 
Biochonistry 24, pp. 1831-1841 (1985); 3-alkQxy-7-amino4^oroisocoumarin, Harper and 
Powers, J. Am. Chem. Soc 106, pp. 7618-7619 (1984), Harper and Powers, Biochemistry 24, 
7200-7213 (1983); additional substituted isocoumarins with basic groups (aminoalkoxy, 

20 guanidino or isothhirddoalkosgr), Kam, Fujikawa and Powas, Biochemistry 27, pp. 
2547-2557 (1988); 7-substituted 3-aIka^-4-diioroisocoumarins, Powers, Kam, Narashnhan, 
Oleksyszyn. Hernandez and Ueda, J. Cell Biochem. 39, pp. 33-46 (1989) and Powers, 
Oleksyszyn, Narasunhan, Kam, Radhakrishnan and M^r, Jr. Biochemistry 29, 3108-3118 
(1990). Thedisdosuresofanoftheprecedmgartidtesarehercibymcorporated^ 

25 We bdieve that the fdregomg con?)ounds, ^i*ich eriiihit soine protease inhibitory actndty. 
also eadiihit d^ain inhibitory activity when used in accordance wifli Ae presrat invention. 
An of the forepimg isocoumatin compounds, indudmg the Class I and 11 Substituted 
Isocoumarins, the Class m Substituted Heteroqdic Compounds and the other substituted 
heterocyclic conqwunds useful m Ae practice of the present invention shall be referred to 

30 coDectivetyheremafterasthe'SubstitutedHeterocyc^^ The torn "Substituted 

Heterocyclic Compound" shall be used to refer to any particular species of these compounds. 
Theprq)aration of the various Substituted Heterocydic Confounds is iUustrated by 

Examples SHC1-SHC9. 
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EXAMPLE SHCl 
Preparation on-^henylcaibmc7lammo)-4^ 

described (Pawm, et aL, Biocfaemistrv 29, 3108-3118 (1990)). This conqiound (032 g» 1 
mmole) was mixed with phen^isoGyaiiale(0.12g, Immole) in S ml oflHF and the reaction 
5 ' mixture was stirred at r.t ovemi^t The product 7-(phenylcarbam0yIamino)-4-diloro-3»(2- 
hromoeihQ37)isocoumarin precqutated out, yield 40%, nup. 215-217* C, mass spectrum m/e 
- 437.9 (M+)> AnaL Gala tor C^^^OfiSBr. Q 49.40; H, 3.22; N, 6.40; CI, 8.10. 
Found: 0,49.48; 325; N,634; d, 8.12. The phenykarbamosdamino compound (0.1 g, 
0.23 mmde) was heated with 0.02 g of thiourea (026 nunole) in 10 ml of THF at 70**C 

10 overnight The final product precq>itated out, yield 0.04 g, 36%, m.p. 161-163*'C (dec), 
mass spectrum (FAB+) m/e » 433 (M-Br). AnaL Gala for Ci9Hi8N4O4CIBrS:025 THF: 
C, 45.12; H, 3.86; N, 10.53; O, 6.67. Found: C. 44.83; H, 3.92; N, 10.12; a 6.41. 

7-(Ethylcarbamoylamino)-4-chloro«3-(2-lsothiureidoethoxy)isocoumarin, 
7-(t-butylcarbamoylamino)-4-chloro-3-(2-isothiureidoethoxy)isocoumarin, 

15 7-(benzylthiocarbamoylamino)-4-chloro-3-(2-isothiureidoethoJ7)isocoumarin, 7- 
(ethylthiocarbamqylamino)-4<faloro-3-(2-isothiureidoethGQ7)isocou^ 
thiocarbamoylamino-4-cfaloro-3-(2-isothiureidoethoxy) isocoumarin, and 7-(2,5- 
dimethylben:^) tfaiocarbamqylamino-4-cfaloro-3-(2-isothiureidoetha37) isocoumarin can be 
prq>ared fay the same procedure. 

20 EXAMPLE SHC2 

Preparation of 7-(ace^lamino)-4-diloro-3-(3-isoihiureidopropo97) isocoumarin: 

7-Amino-3(3-bromoprppo9r^)-4-chloroisocoumarin was synthesized as previously 
described (Kam, et aL, 1988). This compound (033 g, 1 mmole) was heated with 0.15 g of 
acetic anhydride (15 mmole) in 20 ml of diy THF. After a few nunutes, a yellow solid 

25 precq}itated out After 3 hrs, the solution was concentrated to 5 ml, and the solid was 
filtered to ghre 037 g of 7-(acet^amino)-4*diloro-3-(3-bromopropo>7) isocoumarin, nup. 
170-172*C; mass qiectrum: m/e « 375 (M+). The acetylated isocoumarin (0.15 g, 0.4 
mmole) was treated with thiourea (0.036 g, 0.47 mmole) to give 0.9 g of the final product, 
(yisid 50%), m.p. 180-18rC, mass spectrum m/e » 370 (M+-Br). AnaL Calc. for 

30 Ci5Hi7N304aBrS: C, 39.97; H, 3.80; N, 932; Q 7.87. Found: C, 39.86; H 3.83; N, 9.29; 
0,7.85. 

7«trifluoroacetylaniino-4-chIoro-3-(3-isothiureidopropoxy) isocoumarin, 7- 
hq>tafluorobutyrqylamino«4-diloro-3*(3-isothiureidopropo}7)isoooumarin,7 
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4<lilaTO-3-(3>isotbiiireidoprap(ixy) isocoumann, and 7-(o^hthalj4)ainino4-chloro-3-(3- 
isodiiureidopropaaQr) isoooumarin can be prq>ared by the same procedure. 

EXAMPLE SHO 

« 

Preparation of 7.(beDzyicarbmoyJamino)-4-c^ 

5 isoooumarm: « 
7»(beii^carfaamcyIainmo)«4-ddoro-3p4>romu ^ jsoooumaziii was prepared 

bom tfie reaction of bem^l isogwate with 7-amino-4<iilaro-3-(3-faromopropcny) 
isooouinaiin as described above, m/e » 359 (M+ -bcn^l). 

The ftnfll product was obtained from the reaction of 7<ben2ylcarbamojdamino)-4<faloro*3- 
10 ^bromopropaiQr) isocoumarin with thiourea as described above Odeld 74%), ntp. 
165-166*Q mass ^ectrum (FAB+) m/e « 461 (M+-Br)- AnaL Cala for 
CiiH2^4O4aBrS:0J5 THF: Q 4836; H, 4.70; N, 9.40; d, 656. Found: Q 48.13; H. 4.87; 
N, 9.65; a 6.15. 

EXAMPLE SHC4 
15 p«parationof7-^heiQiaceqdamino)-4<iibro-3-(2^ 

7-Amino-4-chlDro-3<2-bromoetha3y) isocoumarin (0.15 g, 0.47 mmole) was first 
mixed with phenyiaoetjl chloride (0.09 g, 055 mmole) in 10 ml of TBF, triethyiamine (0.05 
g, 0.47 mmole) was ihen added and the reaction mixture was stirred at r.t ovetnigfit After 
Et3NHa salt was removed by filtration, the product 7-(phenjdacetylaniino)-4-chloro-3-(2. 
20 hromoethragr) isocoumarin was crystallized from THF and Pet ether (yield, 73%), m.p. 
165-169*C; mass spectrum; m/e = 436.7 (M+). The phenylacetyamino dravative (0.1 g) 
was heated with thiourea (0.02 g) to give the product 0.05 g fiddd, 40%), m.p. 115-120'Q 
mass spectrum (FAB+) m/e = 432 (M+ -Br). AnaL Cala for C2oHi9N304CaBrS-0.5 HjO: 
C 4559; H, 3.83; N, 8-05; a 6m Found: Q 46.09; H, 4.17; N, 8.02; a 6.79. 
25 EXAMPLE SHC5 

Preparation of 7.(R-tt-methylbenzylcarbamoylamino)-4-chIoro-3-(2- 

isothiureidoethoQ^) isoooumarin: 

7.(R-a-methyIbai2yIcarbamcylamino)-4<hto^^ 
synthesBed in the same manner as described above, m.p. 183-185*C; mass spectrum m/e 
30 = 464 (M+). This compound (0.1 g) reacted with thiourea (0.02 g) under the same 
condition described above to form the finalproduct 7-(R-a-methylben2ylcarbamoylamino)-4- 
chloro-3<2pisothiureidoethosy) isocoumarin (0.078 g), m.p. 143-150** Q mass spectrum 
(FAB+) m/e = 461 (M+ -Br). AnaL Calc for CjiKj^ACfflrSO^HjO: C, 45.75; H. 
435; N. 10.17; a 6.44. Foun± Q 44.95; H. 431; N, 10.02; a 636. 
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EXAMPLE SHC6 

Preparation of 7-p-phenylalanylainin )-4-chloro-3(2-isotluureidoethoxy) 
isocxiwmarin; 

Boo-D-nie (033 g» 12 mmole) reacted yriOk l^-dicyctohexylcaibodumide (0.13 g» 0.6 
S mmole) in 10 ml THE at (TC for 1 hour to fionn the symmetric anhydride, and then 
7-«mino4Hdiloro-3(2-hromoethoxy) isocoumarin (O^g, 0.6 mmole) was added The reaction 
was stirred at r.t ovemi^t and die prec^te 7-(Boc-D-Phe-amino)-4-chloro-3- 
(2^moetha]7) isocownarin was fonned (0.29 g, 71%). TLC one spot, ntp. 180-182''Q 
mass spectrum m/3 « 566(M^). AnaL Calc. for C2SB2^2^fi'^^* ^ ^ 4*^; N> 
10 4.95; a 6.Z7. Found: Q 5325: H, 4.66; N, 4.87; CX &24. Boc^D-Phe compound (02 g, 0 J5 
mmole) was reacted with thiourea (0.027 g, 035 mmole) in the same manner to give 7*(Boc- 
I>-phenylalanylanuno)-4^oro-3-(2-isothiurddoediOKy) isocoumarin (0.14 g), yield 62%, 
mass spectrum (FAB*) m/e » 561 (M**^ -Br). This compound (0.1 g) was dissolved in 3 ml 
of THF at O^C and then the soWent was evaporated to dryness. The final product 
15 precipitated out after addition of eth^, one spot on TLC (CHjCNJIjO^AcOH = 8:1:1); mass 
^ectrum (FAB+) m/e • 462 (M+ -Br -CT3OOO). 

7-Boo-alaiqdamino-4<faloro-3-(2-isothiureidoetho)7) isocoumarin, 7-benzoylamino- 
Ala-4-GfaIoro-3(2-isothiureidoethaxy) isocoumariui 7-benzpylamino-Phe-4-cfaloro-3-(2* 
isothiureidoediGKy) isocoumarin and 7-Bo&vafylamino-4«diIoro-3-(2-isothiureidoethaocy) 
20 isocoumarin can be prepared by die same procedure. 

EXAMPLE SHC7 

Preparation of 7-(Boc*alanyialanylamino)*4*chloro-3-(2-isothiureidoetho]7) 
isocoumarin: 

7-(Boc^alaiiylalai9lamino)-4<hloro>3-(2pbromoethaxy) isocoumarin was synthesized 
25 in the same manner, m.p. 147-15rQ mass spectrum m/e » 561 (M^). AnaL Calc: C, 
47.12: H, 4.85. Found: Q 47.18; H, 4.87. This compound (0.2 g) was reacted with thiourea 
(0.03 g) by the same procedure to form 7-(Boc-alaiiylalanylamino)-4-chloro-3-(2- 
isothiureidoethoxy) isocoumarin (0.04 g), mass spectrum m/e « 556 (M*^ •Br). 
* 7-(AlanylaIanylamino)-4-chloro-3(2-isothiureidoethQxy) isocoumarin was prepared 

30 by deblocking of Boc^Ala-AIa-NH-CiTEtOIC with trifiuoroacetic add, mass spectrum 
(FAB*) m/e - 456 (M+ -Br -CF^COO). 

EXAMPLE SHC8 

Prqiaiation of 7-^hei^ltUocarbam(7lamino)-4-cliloro-3-(2-isothiureidoeth(i]7) 
isocoumarin: 
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7^heK54thiocaifaamo5daxnm isocoumarin was prq»red 

from the reaction of phenyl isothiocyaaate with 7-animo-4-diloro-3-(2-hromoethoxy) 
isocoumarin, yidd 59%, nLp.l57-158'Q mass q)ectrum AnaL 
Cala: Q 4836; H, 339. Foimi Q 4826; H, 3.40. The hromoeAmy con^und was then 
5 reacted with thiourea by 4e same procedure to give the final product, yield 32%; mass 
spectrum (EAB+) m/e 449 (M+ -Br). 

EXAMPLE SHC9 
Pttparaiionof7-(m<aibo]gpphei5fthiDcaiba^^ 
fePfriTOiirfn WBS prqwrcd fiom the reaction of m-caibaJOTl^cnyi isofliiocyanate with 7- 
10 amino4<iiloro.3<24iromoetha]gr) jsocou^^ m.p. 1S7-158'Q mass 5)ectrum 

m/e 361 (M* .(COOH)PhNH+.Br). 

7-<3-Elnoroben2C5i^)amino4<hloro-3-(2-isothiurd^ isocoumarin, 7*(3- 

nitrobenz{9l)amino4<hioro-3<2-isothiureidoetha^)^^ 

chloro-3-(2-isothiureidoetha3y) isocoumarin, 7-Jiphenylpropionylamino-4-chloro-3-(2- 
15 isothiureidoethoxy) isocoumarin, 7-(p-toluenesulfonyl) amino^-chloro-3-(2- 
isothiureidoediajgr) isocoumarin, and 7-(a-tohi€attesuIfonyl) amino-4.dilDro-3-(2- 
isothiureidoetho^) isocoumarin can be prq)ared from the reaction of corresponding 7- 
substituted-4-ddoro-3-(2-bromoethajQr) isocoumarin with thfo 7- 
substituted-4-diloro-3-(2-bromoeth08y) isocoumarin can be synAesized fay reacting7-amino- 
20 4-diIoro-3-(a-hromoethooy) isocoumarin wifli appropriate add chloride or sulfonyl chloride 

in die presence of Et^. 

7-Ethoxycarbonylamino-4-diloro-3-(2-isothiureidoetha^) isocoumarin, 7- 
benqdo]7carbonyIamino-4^dibro-3-(24sothiureidoet^ isocoumarin, and 7- 
phena]7carboi9lamino^4-diloro-3<2pisot^ 
25 the reaction of 7-substittttcd-4-diloro-3-(2phromoeth«qr) isocoumarin with thiourea. 7- 
Etha3^caibon5iamino-4KMiro-3<2pbronmethaxy)socou^^ 

chloro-3-(2*romoethaxy) isocoumarin and 7-phenatycarbonyIamino4-diloro-3-(2- 
bromoethay) isocoumarin can be syntheazed by reacting 7.amino-4^oro-3-(2- 
bromoethQ]^) isocoumarin with the correqwnding chiorofonnate. 
30 C PCTTTDE KETO-COMPQUNPS 

Pq)tide a-ketoestas, pq)tide a-ketoadds, and peptide a-ketoamides are transition 
state analog inhibitors fi)r srane protease and cysteine proteases. While these subclasses 
of conqwunds are chonicalty distinguishable, for simplicity, all of these oonqiounds will be 
referred to collective^ hoein as the "Peptide Keto-Qmqiounds". 
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The interactions of pq)tides with soine and cysteine proteases are designated herein 
using the nomenclature of Scfaecfater. and Berger» 1967, Biocfaon. Biophys. Res. 
Commun. 27: 157-162 (inooiporated herein by reference). The individual amino add 
residues of a substrate or inhibitor are des^ted PI, F2, etc. and the corre^nding 
5 siibsites of the en^e are designated SI, S2, etc The scissite bond of the substrate is 
P1-P1^ Tlie prunaiy recognition site of serine proteases is SI. The most important 
recognition subsites of cysteme proteases are SI and S2. 

Amino add residues and Uoddng groups are designated using standard abbreviations 
[see J. Bid Chem. 260, 14-42 (1985) for nommdature rules; incorporated herein by 

10 refinence]. An aniino add residue (AA) in a pq)tide or inhibitor structure refm to the 
part structure -NH-CHRl-CO, where Rl is the side chain of the amino acid AA. A 
pq)tide a-ketoester residue would be designated -AA-CO-OR which rq)resaits the part 
structure -NH-CHRl-CX>-CO-OR. Thus, the ediyl ketoester derived from benzoyl alanine 
would be designated Bz-Ala-CX)-OEt whidi represents C6H5CO-NH-CHMe-CO-CO-OEt. 

15 likewise, peptide ketoadd residues residues would be designated -AA-CO-OH. Further, 
pq>tide ketoamide residues are designated -AA-CO-NH-R. Thus, the ethyl keto amide 
derived from 2>-Leu-Fhe-OH would be designated 2>Leu-Phe-CO*NH-Et which represents 

Peptide a-ketoesters containing amino add residues with hydrophobic side chain at 
20 the PI site have also been found to be excellent inhibitors of several cysteine proteases 
indttding p^ain, cathepsin B and calpain. 

Ca^)ains can be inhibited fay peptide inhibitors having several different active groups. 
Structure-actxviiy reJationshqis with the commercially available in vitro inhibitors of Ca^ain, 
sudi as peptide aldehydes, have revealed that CaJ^iains strongly prefer Leu or Val in the F2 
25 position. These razymes are inhibited fay inhibitors having a wide variety of aniino acu^ 
in the PI position, but are general^ more effectivefy inhibited by inhibitors having amino 
adds with nonpolar or hydrophobic side duuns in the PI position. Thus, we have discovered 
that another particular class of conq)Ounds exhibiting Calpain inhibitory activity, when used 
in accordance with the present invention, are the 'Peptide Keto-Compounds. These are 
30 compounds of the general structure: 

O 

II 

M-(aa)^-CX2-R 
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or a phannaceutically accqjtable salt, whavan: 

M represents NH2-CO-, NHZ-CS-, NE2-Sa2-. X-NH-00-, X-NH-CS-, 
X-NH-S02-, X-CO-, X-CS-. X-S02-, X-O-CO-, ot X-OCS-, B, aceqi caibobenzcngr, 
suodnyl, meSs^caysaadiP/l, butyloigreaibaiQd; 

X is sdected ftom the group consisting of CW allgi Cl-6 fluoroallgfl, Cl-6 
aO^l substituted^ J, Cl-dfiuoroaO^lsubstituted with J, l-admanQd. 9-fiuoreiqi]. 
phen^lAei^l substituted «idi^pheigidisubstitutedwidiK,ph 
with E, naphlivl, n^dgl substituted with K, nqthtl^ disubstituted with K. 
nqibtl^ltiisubstituted withX. Cl-6 aO^widi an attached pheojd group, Cl-6 allgd 
with two attadied phenyl groups, Cl-6 aD^l with an attached phenyl group 
snbstitinyri with K, and Cl-6 all^l with two attached phenyl groups substituted with 

J is selected from the group consisting of halogen, COOH, OH, CN, NCM, 
NH2, Cl-6 alko:qr, Cl-6 allgiamine, Cl-6 diallgiiamine, Cl-6 aIlg*0-CO-, Cl-6 
aDgrl-O-CO-NH, and Cl-6 alkyi-S-; 

K is selected from the group consisting of lialogoi, Cl-6 al^ Cl-6 
petfluoroalkyl, Cl-6 altaay. N02, CN, OH, C02H, amino, Cl-6 alkyianuno, CM2 
diall^amino, C1-C6 aqj, and Cl-6 alkoi^-CO-, and Cl-6 aDgfl-S-; 

aa rqnesents a blocked or unModred amino add of the L or D 
nnnfigiir atinn, preferably sdected from die group consisting o£ alanine, valine, 
leodne, isdeudne, proline, meOionine, methionine sulfoxide, phoqdalanine, 
tryptophan, ^^dne, serine, tiireonine, cystdne, Qrosine, asparagine, g^utamine, 
a^artic add, gintamic add, i^e, arginine, histidine, phengfl^ydne, beta-alanine. 
nf%T?««^ (nie), noivalhie (ova), a^ha-aminobuiycic add (abu). ^siton- 
aminocqitoic add, dtruDine, fagrdroxyproline, homoarginine, omidune or sarcosine; 

n is a number from 1 to 2(^ 

QisOorNH, 

R represents H, Cl-6 allgd, Cl-6 fluoroal^ Cl-6 chloroallqd, beniyi, Cl-6 
alkyl substituted with pheiqd, Cl-6 aUgrl widi an attadied pheiqd group substituted 
witfaK. 

Thus, the Peptide Keto-Compounds can be dMded into the feptidt Ketoesters, 
Peptide Ketoadds and Peptide Ketoamides. Each of the compounds can also be classified 
based on the number of amino acids contained within die compound, such as an amino add 
peptide, dqieptide, trq>q>tide, tetrapeptide, pentapqitide and so on. 
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We have found certain suhdasses of Pq>tide a-Ketoester conqK>unds to be 
particolaxiy useM as Ca^ain Inhihitors when used in accordance with the present invention. 
These subclasses are referred to herein as the Dq>q)tide a-Ketoesters (Subdass A), the 
D^pqitide a-Ketoesters (Subdass B), the Trqiqitide a-Ketoesters (Subdass A), the 
5 Tcpq>tide a-Ketoesteis (Subdass B)» the Tetr^)eptide a«Ketoesters and the Amino Add 
Pqitide a-Ketoesters. M of these subdasses are considered to be to be within the dass of 
Peptide Keto-Conq>ounds. 

Hie DqMptide a -Ketoesters (Subdass A) are compounds of the formula: 
Mi-AA2-AAi-CX)-0-Ri 
10 or a phannaceuticalty accq)talde salt, wherein 

MirepresentsH,NH2-CX)-, NH^-CS^NHj-SOj-. X-NH-CO-, XjN^X)-, X-NH-CS-. 
X^N-CS-, X-NH-SOj.. X^^O^-. X-CO-, X-CS-, X^02-, X-OCX)-, or X-0-CS-; 

X is selected from the group consisting of C^.^o aJI^l, C^^iq fluoroaDgri C^.^q aDcy^l 
substituted with J, C^.^q fluoroalkyl substituted with J, 1-adman^ 9-fIuQrenyl, phenyl, phenjd 
15 substituted with K, phei^l disubstituted with K, phen^ trisubstituted with K, naphthyX 
naphtl^ substituted with K, naphthyl disubstituted with K» naphthyl trisubstituted with K, 
C^.xo all^i with an attadied phenyl group, C^.^o attached phenyl groups, C^.^q 

all^l with an attadied phdiyi group substituted with K, and C^.^q all^ with two attadied 
phenyl groins substinited with K, C^.^q aQ^ with an attadied pheno^ group, and C^^^q 
20 with an attadied ph»GOcy grotq) substituted with K on the phenoo^ groiqp; 

J is sdected from the poup consisting of halogen, COOH, OH, CN, NO^, NI^ C^, 
^0 alkcxy, C^.^^ aO^lamine, Cj^^ diaO^lamine, C^^^q altylrO-CO-, C^.^q alfyl-O-OO-NH-, 
and C^.^Q all^IrS-; 

K is sdected from the ffoup consisting of halogen, C^.^q allc^I, C^.^q perfluoroalkyl, 
25 ^QV> NO2, CN, OH, CO2H, amino, C^.^o al^lamino, C2.12 di^U^lanuno, C^-C^o 

and C^.^o alkor^-CX)-, and C^.^q aD^l-S-; 

AA| is a side diain blocked or unblocked amino add with the L configuration, D 
configuration, or no diirality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleudne, proline, methionine, methionine sulfoxide, phenylalanine, 
30 tryptophan, serine, threonine, cysteine, tyrosine, asparagine, ^tamine, aspartic add, 
^utamic add, fysine, arginine, iiistidine, phenyl^dne, beta-alanine, noxleudne, norvaline, 
a^ha-aminobutyric add, qisilon-aminocaproic add, dtruUine, hydro^roline, ornithine, 
homoarginine, saroosine, indoline 2«aibaxylic add, 2-azetidinecaibaxylic add, p^>eoolinic 
add (2-p9eridine carbcsylic add), O-methylserine, O-ethylserine, S-metlgdcysteine, S- 
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efliylcysteixie, S-benayl<7Steiiie> NH2-CH(CB2CHE<2)-COOH, a]^ha-ammQhq)tanoic add. 
NH2-CH(CH2-l-napthyl)-COOH, N]^-CH(CBi-2-napthyl)-COOH, NEI^-CHCCHj- 
cydohe3gi)-COOH, N^-CH(CH2<ydopen^-CX)OH, NH2-CH(CH2-cyclobuQrl>COOH, 
NH2-CH(C%<yclq}ropj^-COO]^ trifinordeocme, and hsofhiorcdeiidne; * 
5 AA2 is a side cbain blocked or unUodced amino acid with the L configuration, D 

configiratiop, or no duralitjr at die a-caibon sdected from the group consisting of leucine, 
isclCTidne, proline methionine, methionine sulfiadde, pheiQrlalanine, tiyptophan, g^t^e, 
serine^ threonine, cyiti&ne, tyrosine^ a^aragine, ^ntamine, aspartic add, glutamic add, 
^ane, aiginine, histidine, phenj^gl^^e, beta-alanine, nodeudne, noivaline, alpha- 

10 ftfnfnn hntyrie add, q>siIon-aminocqiroic add, dtrulline, lqrdra]^rQline, ornithine, 
homoarginine, sarcosine, indoline 2-cazbQiQrIic add, 2-azetidinecarbo37lic add, pipecolinic 
add (2-piperidine carboxyiic add), O-mediyiserine, O-ethylserine, S-methyI<ysteine, S- 
ethyiqrsteine, S-boizylcysteine, NH2-CH(C3^CHEt2)-COOH, a^ha-aminoheptanoic add, 
NH2-CH(CH2-l-napthyI).COOH, NH2-CH(CH2-2.napthyl).COOH, NH2-CH(CH2- 

15 cydohexyi)-COOH, NH2-CH(CH2-<ydopentyl>COOH, NH2-CH(CH2-<ydobutjd).COOH, 
im^<S(CB2<ydopTapyl)'COOH, trifluoroleudne, and hexafluoroleudne; 

is sdected from the ffoixp consisting of H, q.20 ^-SO ^ P^^^ 

ffoup atladied to the q.20 alkyi, and q.20 ^ ^ ^ attadied phenyl group substituted 
mihK 

20 Ihe Dipqitide a-Eetoesters (Subdass B) are compounds of the structure: 

Mi-AA-m-CHR2-00-0CW>-R 
or a pharmaceutical^ acceptable salt, wherein 

Mirq)rcsentsH,NH2-CX)-,NH2-CS-,NH2-S02^ 
jyj-CS., X-NH-SO2-, X^-SO^-, X-00-, X-CS., XSO^, X-O-CO-, or X-CKS-; 

25 X is selected from die groi^ consistmg of C^^^q ^-lo fiuoroalkjd, C^.^q ^i 

substituted with J, Cj^^o^^^^^^^^^^^^^^^*^' 1-admantyl, 9-fluorenyl, phenyl, phenjd 
substituted with K, phenyl disubstituted with K, phrayl trisubstituted with K, naphthyi, 
naphthjd substituted widi K, n^hthyi disubstituted witfi K, naphthyi trisubstituted with K, 
C1.10 allgrl with an attadied phenyl group, q.^o al^ with two attached phenyl groups, q.^o • 

30 allgrl with an attadied phenyl groiq) sutetituted with K, and q.^o ^ attached 

phenyl groiqis substituted wiA K, q.^Q allqd with an attadied phenoxy group, and q.^o allgd • 
with an attadied phenosgr groiqi substituted with K on the phencogr groi^; 
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J is selected from the groq) consisting of halogen, COOH, OH, CN, NOj^NHj, q. 
10 alkcny, q.^^ aDg/lamine, C2.12 diallgdamine, q.jQ allsyl-0<X)-, q^^o aBgrl-OCO-NH-, 
and q,io alkjftS-; 

K is sdected from the group consisting of halogen, C^,^ alkyi, q^^o petfluoroaDgd, 
5 q.|0 alkoo^, NO2, CN, OH, OO^H, amino, q.^o allgdamino, q.^ diallgdamino, q-qp agd, 
™^ ^-10 alkoogr-OO*, and q.20 allgrl-S-; 

AA is a side chain Uodced or unblocked amino add with the L configuration, D 
configuration, or no diirali^ at the e-carbon selected from the group consisting of alanine, 
valine, leucine, isoleudne, proline, methionine, methionine sulfoxide, phenylalanine, 
10 tryptophan, ^cdne, serine, threonine, cysteine, tyrosine, aq>aragine, ghitamine, a^artic acid, 
^tamic acid, lysine, aiginine, histidine, phenyl^dne, beta-alanine, nodeudne, norvaline, 
alpha-aminobutyric add, qisiion-aminocaproic add, dtruUine, hydrco^roline, ornithine, 
homoarginine, sarcosine, indoline 2-carbQ?7lic acid, 2*azetidinecarbooQdic add, pipecoUnic 
add (2-p4)eridine caibcsylic add), O-methylserine, O-ethylserine, S-methylcysteine, S- 
15 ethylcysteine, S-benzylcysteine, NHj-CHCCHjCHEtj^COOH, a^ha-aminohqjtanoic add, 
NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2.2-napthyl)-COOH, NHj-CaiCCHj- 
cydoheqd)-CXX>H, NH2<H(CH2-<ydopentyl)<:OOH,N^<H(CH2<ydobuty^ 
NH2-CH(CH2Hydoprppyl)-COOH, trifluoroleudne, and hexafluoroleudne; 

R2 rq>resents q^ brandied and unfaranched all^ q^ branched and unbranched 
20 cydized alkyi, or q^ brandied and unbranched fluoroalkyl; 

R is sdected from the group consisting of H, q^ all^l, q.20 allgi with a phenyl 
ffoup attached to the q^ alkyL and q^ alkyi with an attached phenyl groiqi substituted 
withK 

. Ihe Tnpeptide a-Ketoesters (Subclass A) are compounds of the structure: 
25 M3-AA-AA-AA-CXK)-R 

or a pharmaceutical^ accq)tahle salt, wherein 

M3 rqjresentsH, NH2-CO., NH2-CS.,NH2-S02-, X-NH-CO-, X^-CO-, X-l^H-CS-, 
X2N.CS-, X-NH-SO2-, XjN-SOj-, X-CO-, X-CS-, X-SOj-, T-0-CO-, or X-O-CS-; 

X is sdected from the groi^ consisting of q.^Q all^l, q.^Q fluoroallgrl, q.^Q alkyi 
30 substituted with J, q.^Q fiuoroallgrl substituted with J, 1-admantyl, 9-fluorenyl, phenjd, phenyl 
substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K, n^hthyi disubstituted with K, naphthyl trisubstituted with K, 
q.io ^ attached phenjd group, q^^Q all^ with two attadied phenyl groups, q.^^p 

alkyi with an attached phenyl group substituted with K, and q.^o alkyi with two attached 
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pheaji groups substituted wthK, alkyl^ ™ attached phenoay group, and C^.^o alkj* 
^rith an attached phenosy group substituted with E on die phenoigr groiq); 

Tis selected firom the group oonsisdng of C^.^o ^-lo Auoroalkji C^.^q allcyl 
substitutedwith J, C^.^ofiuoroaOgdsubstitutedwi&J, l-admant]^9-fluoreigi phenyl, phexqfl * 
5 substituted with phen^ disubsdtuted wiA K» pheqd trisiibstituted wiA E. mphthyl, 

nqihA^ substituted wiA K, naphdiyl disubstituted with nqihOyl trisubstituted with ' 
q^io al^ with an attached phenyl group, C|.^ altEyi with two attached phenjd groups, C^.^q 
all^i wiA an attached pheiqd gcoiiqp subsdtuted wiA E, and C^,^ allgrl with two attached 
phenyl groups substituted with K; 
10 J is selected from the group consisting of halogen, CX)OH, OH, CN, NOj, NH2, Cj. 

10 alkoxy, q.io allgrlamine, C^jj dialMamine, q.io alkyl-O-CO-, q.io alkyl-O-CO-NH-. 
and C^.^Q all^l-S-; 

K is selected from the groiq) consisting of halogen, C^.^q C^.^o perfluoroallgfi, 
q.io alk03^» NO2, CN, OH, CO2H, amino, q.jo allgtomino, C^^ dialkylammo, q-q© 

15 and q.io aIkQ3cy<X>, and q.^o aIkyl-5-; 

AA is a side chain blocked or unUodced amino acid with the L configuration, D 
configuration, or no chirali^ at the a-carbon selected from the group consisting of alanme, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tiyptophan, gl^^e, sedne, direonine, cysteine, tyrosme, aqsaragine, ^ut a m i ne , aspartic add, 

20 ^utamic acid, lysme, arginine, histidine, phenyl^dne, beta-alanine, nodeucine, norvaline, 
a^ha-aminobutyric add, epsEon-aminocaproic add, citmlline, hydrasyproline, ornithine, 
homoaiginine» sarcosine, indoline 2-caiboxyIic add, 2pBzetidinecaibo39iic add, p^ecolmic 
acid (2ii9eridine carbcoQilic add), O-mediylserine, 0*etbylsanne, S-meOjdcysteme, S* 
ethylcystdne, S-beo^cystdne, N^-CH(CH2CHEt2)-C»OH, a^ha-aminohq)tanoic add, 

25 NH2-CH(CH2.1.napthyl)-CX)OH. NH2-CH(CH2-2-napthyl)-COOH, NHj-CHCCHj- 
cydohe3cyl)-COOH, NH2-CH(CH2-<ydopentyi>CX)OH, NH2-CH(CH2-cydobutyl)-COOH, 
NH2-CH(CH2-cydopropyl)-COOH, trifluordeudne, and hexafluoroleudne; 

Ris sdected from the group consisting of H, q,2o ^1-20 alkyl with a phenyl 
group attached to the q.20 alkji C^-io ^ ^ attached phenyl group substituted * 

30 withK 

Ihe Tr^eptide o-Ketoesters (Subdass B) are compounds of the structure: % 
M3-AA-AA-m-<3ail2'«)-CX>O.R 
or a pharmaceutical^ acceptable salt, wherein 
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M3rcprcscntsH,NH2-C<>-,NH2<S-,NH2-S02^X-NH<X>-,X^ 
lyr-CS-. X-NH-SO2-. X^-SOj-, X-OO-. X-CS-, X-SOj-, T-O-CX).. or X-O-CS-; 

X is selected from the group consisting of C^.^o ^-lO AuoroaDgd, C^.io all^l 
substituted with J, C^.^ofluoroallgil substituted with J, 1-admantyl, 9*fiuoren]fi phenyl, phenyl 
substituted with K, phezqd disubstituted with K, pheiqd trisubstituted with K, naphthyl, 
naphthyi substituted with K, nq)htlqii disubstituted with K, naphthyi trisubsdtuted with K» 
Ci4o ^ attached phaqi group, C^.^o ^ attached phenyl groups, C^.^o 

all^ with an attached phenyl groiq> substituted with X, and C^.^g all^l with two attached 
phenyl groups substituted with K, C^.^o ™ attached phenoxy group, and C^.^q 

with an attached phenco^ group substituted with K on the phenoxy group; 

T is selected from the group consisting of C^.^q allyl. C^.^o Auoroalkyl, C^.^q 
substituted with J, C^.^q Auoroallgl substituted with J. 1-admantyl, 9-fluorenyl, phenyl, phenyl 
substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyi, 
naphthyi substituted with K, naphthyi disubstituted with K, naphdiyl trisubstituted with K, 
Cj^io ^ attached phenyl groiq), Cj^q with two attached pheiqrl groups, Cj.^q 

alkyl with an attached phenyl groiq> substituted with K, and C^^^ allcyl with two attadied 
phenyl groiq>s substituted with K; 

J is selected from the group consisting of halogen, COOH, OH, CN, NOj, NH2, C^. 
10 alfawy, q.io allqrlamine, q.io dialkylamine, q.jo aIkyM>-CO-, q.io alkyl-O-OO-NH-, 
and Ci^iQ all^i-S-; 

K is selected from Use group consisting of halogen, C^.^o alkji Cj^.io perfluoroalkyl, 
q^ioalbay, NO^, QJ. OH, CO2H, amino, q.io alkyiamino, C2^^^BlkyiBxmno, q-Cio acyl, 
and C|.2o alkos^-CO-, and q.^o 

AA is a side chain blocked or unblocked amino add with the L configuration, D 
configuration, or no chirality at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, gj^ycine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic add, 
glutamic add, lysine, arginine, histidine, phenylgj[ydne, beta-alanine, norleudne, norvaline, 
a^ha-aminobutyric add, q>silon-aminocaproic add, dtruliine, hydroi^roline, ornithine, 
homoarginine, saroosine, indoline 2-carbas^ acid, 2^azetidinecaibaxylic add, pq>ecolinic 
add (2-pq>aiduie carbco^lic add), 0*methylserine, O-eth^erine, S-methykysteine, S- 
ethyhysteine> S-benzylcystdne, NH2-CH(CH2CHEt2)-COOH, alpha-aminoheptanoic add, 
NH2-CH(CH2-l-Mpthyl)^OH, NH2-CH(CH2-2.napthyl).COOH, NH2-CH(CH2- 
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(ydohayi>COOH. NH2.CH(CH2<yclopentyI)-C300H, NHa^CHCCEi-iyclobutyl^COOH. 
N%CH(C%<ycIopropsO-COOH, triflnoroleadne, and hescailuordleudn^ 

rqjresents brandied and imteandied aD^l 
cydized aD^ or C^^ branched and imbtanched fluocoaD^ 

5 R is selected famJ&egroi]pconsistii« of H,Ci40«'^Pi-20«J'^ 

group attadied to the aD^ and all^«^ an attached phei^ 

withK 

The Tetrapqitide a>Ketoe8ters are oanqxiunds of the structure: 
Ug-AA^AA-AA-AArCO-O-R 
10 oraphannaceutieal^aooqitafaiesal^vfaaein 

jy^-CS; X-NH-SOj-, X^-S<V» X-00-, X^S-. X-SO^-, T^OCXD.. or X-OCS-; 

X is selected from the fforxp consisting of q.jo ^ <n-10 ftaoroaDgrl. q.jo alky! 
substituted with J, q.iofluoroalkyl8ubstitutedwith J, l-admantyl. 9-fiuorenyl, phenyl, phenjd 

15 substituted with K, phenyl disubstituted with K, phenyl trisnbstituted with K, naphthyl. 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl tiisubstituted with K, 
q.M, alkyi with an attached phenyl group, q.io aBqd with two attached pheiqlgroiqjs, q.io 
alkylwith an attached phenyl group substituted with K, and q.„ allg* with two attached 
phenylgroups substituted withK, q.io aDgdwith an attachedpheno^ group, and q.io aDgfl 

20 with an altadiedphenmgr group substituted with K on Aepheno^groiqi; 

T is selected ftom the groiq) consisting of q.!© allgii, q.io fluoioallqJ, q.io 
substituted withJ,q.iofl»«»K»Il9is»»»t>t^ 

substituted with K, phenyl disubstituted with K, pheriyl trisnbstituted with K. naphthyl, 
naphthyl substituted wilh K, naphtlyi disuteritiited with K, naphthyl trisnbstituted with K, 
25 aD^ whh an attached phenyl group, q^ allqdwith two attached phenyl groups, q.^ 

alkyl with an attadjed phetgl group substituted with K, and q.«, allgd with two att^ 

jdienyl groups substituted with ^ 

J is selected from the group consisting of halogen, COOH, OH, CN, NOj, NH2, q. 
10 aDcoxy, q.io alkyiamine, diaDsylamine, q.io all^lO-CO-, q.io aIkyK34X>-NH-, 

30 and q.io aDgi-S-; 

K is selected from the group consisting of halogen, q.io alkyl. q.io peifiuoroaDgi 
q.„alka^,N02. CN, OH, CO^ amino, q.ioa]kyianiino, C^ijdialkylamino, q-qo^y^ 
and q.io aSkcay-CO-, and q.^ allgA-S-; 
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AA is a side chain blocked or unModced amino add with the L configuration, D 
con^guration, or no cliirality at the ft^azbon selected from the grou^ 
valine, leucine, isoleudne, proline, methionine, methionine sulfoxide, phenjdalanine, 
tiyptopban, ^^^e, serine, Areonine, qrsteine, tyrosine, a^aragine, i^utaminci aqpartic acid, 
5 ^utamie add, fysinc, arginine, histidine, ph^^lgl^dne, beta-alanine, norleudne, noivaline, 
a^iha-aminobutyric add, q)silon-aminocq)roic add, citndline, hydro^^roline, omitfaine, 
homoarginine, saioosine, indoline 2-carbGacylic add, 2-azetidinecarboogriUc acid, p^ecolinic 
add (2^pq>eridine caibcajdie add), O-methylserine, O-ethylserine, S-metlQd(7steine, S- 
ethykysteine, S-b^izylqrsteine, NH2-CH(CH2CHEt2)-OOOH, a^ha-aminohq>tanoic add, 

10 NH2-CH(CH2-l-napthyl).COOH. NH2-CH(CH2-2-napthyl)-CX)OH, NH2-CH(CH2- 
cydohexyl)-COOH, NH2-CH(CH2-cydopentyl)-COOH, NH2-CH(C3l2-cydobutyl>COOH, 
NH2-CH(CH2*<7dopropyl)-COOH, trifluoroleudne, and hexafluoroieudne;; 

AA4 is a side chain Uodced or unblodced amino add with the L configuration, D 
configuration, or no chirality at the a-caibon sdected from the group consisting of leucine, 

IS isoleudne, methionine, methionine sulfoxide, pheiQrIalanine, tryptophan, glycine, serine, 
threonine, cysteine, tyrosine, asparagine, glutamine, aspartic add, ^utamic add, ^^e, 
arginine, histidine, ph^yl^dne, beta-alamne, norleudne, norvalinC) alpha-aminobutyric 
add, epsilon-aminocaproic acid, dtrulline, bydroxyproline, ornithine, homoarginine, 
sarcosine,indoline2<arbcoQdicadd,2*azetidinecaxbox^acid,i^ 

20 carbcQ^iic add), O-methyiserine, O-ethylserine, S-methyicysteine, S-etfayl^steine, S- 
ben^lcysteine,N^-CH(C3]2CHEt2)-OOOH,a^ha-aminoh^^^ 
napthyl)<X>OHjra2-C3I(a]2-2-napthyl)-0^ 

CH(CH2-cydopentyl).COOH, NHa-CHCCHj-cyclobutyO-COOH, NHj-CHCCHj- 
cydqxropyl)-OOOH, trifiuoroleudne, and hexafluordeudne; 
25 R is selected from the group consisting of H, C^.20 all^l, C^.20 ^1 ^ phenyl 

group attached to the all^l, and alkyi with an attached phei^l group substituted 
withK. 

Hie Amino Add Pq)tide a-Ketoesters are compounds of the structure: 
Mi-AA-CGO-R 
30 or a pharmaceutical^ aocq)taUe salt, wherein 

Ml rq)resents H, NH2-CX>., NH2-CS-, NH2-SO2-, X-NH-CG-, X^N-CG-, X-NH-CS-, 
XjN-CS., X-NH-SO2-, XiN-S02-, Y-CO-, X-CS-. X-SO2-, X-0-CO-, or X-O-CS-; 

X is selected from the groi^ consisting of C^.ioalkyl, C^.^q fluoroalkyl, C^^Qalkyl 
substituted with J, C^.^q fluoroallcylsubstituted with J, 1-adman^l, 9-fluorenyl, phei^ phenyl 



SUBSnrUTE SHEET 



wo 92/11850 



PCTAJS91/09786 



substituted with K, phenyl disubstitmed with phenyl trisubsdtnted with E, n^thyl, 
naphthyl substituted wiHi E, naphtfayl dbubstituted widi E, nq)hthyl trisubstttuted witfi K, 
alkyl wiflian attadied phei^igrorp, C^.^q allgd wifli two attadied phenyl g^ups, C^.!© 
all^iw&fa an attadiedpheiqdgroi9 substituted wsAE; and €^.10^^ ^ 
5 phei^l poups substituted with C^.^ aDcyi with an attached phaoExy groups and Cj^^o allgd 

wiA an attached phencs^ groqi substituted with K on the phenoxy group; ' 

Y is sdected from the group consisting of C^10 alk^ 
substituted with J, C^,^ fluoioall^ substituted with J, 1-adxnantyl, 9-fluoren]i phenyl 
substituted with phogd disubstituted with K, ph^ tiisubstituted with E» naphthyl 
10 naphthyl substituted with K, naphthyl disubstituted with K, naphthyl tiisubstituted with E, 
Cj.io alfc^ with an attached phraqd group, q.jo allgi with two attached phenyl groups, C^.^q 
all^ with an attached pheiqrl group substituted with E, and C^.^o allgd with two attached 
phenyl gfovps substituted with E; 

J is selected from the group consisting of halogra, COOH, OH, CN, HO^ NB^ C^. 
15 10 Ci.io alkylamine, C^jj dialfcjdamine, q.^o alkyl-CMX^, q.jo alkyl0430-NH-. 

and Ci.io allgd-S-; 

E is selected firom Ae ffoup consistmg of halogen, C^.^q alkyl, C^^jq pafiuoioalkyl, 
Ci.io alkoxy. NOj, CN, OH. CO^ amino, q.^o alkylammo, C2.i2diaIlgiiamino, q-^o 
and q.io alkooQr-CO-, and q.iQ alkyl-S.; 

20 AA is a side chain blocked or unblocked amino acid with the L configuration. D 

gfitiftgnrfltlnn, oT uo chirality at &e a-caibon selected from die groiq» oonsisdng ctf alanine, 
valine, leucine, isdettdne, proline, meduonine, mediionine sulfoxide, phenylalanine, 
tryptophan, ^^dne, serine, threonine, cysteine, tyrosine, asparagine, ^tamine. aspartic add, 
glutamic acid, fysine, arginine, histidine, ph&syl^ycme, beta-alanine, norleucine, norvaline, 

25 iJpha-«minobutyiic add, qisUon-aminocaproic add, dtniUine, hydro^roline, ornithine, 
homoargimne, sarcosine, indoline 2-carbfflgdic add, 2-azetidinecarba^dic add, p^>ecolinic 
acid (2-piperidine caiboisdic add), O-metfaylserine, O^thyberine, S-methjdcysteine, S- 
ethyicysteine, S-ben^lcysteine, NH2<H(CH2CHEt2)-COOH. alpha-aminohq}tanoic add, 
NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2-napthyl)-COOH, NHj-CHCCHj- , 

30 cydohe^ycOOH, NH2-CH(CH2-cydopentyl)-COOH, NH2-CH(CH2-cydobutyI)-COOH, 

NH2-CH(C%-<ydopropyl>COOH, trifluorokudne, and heacafluoroleudne; • 

Ris selected firan die group consisting of H, q.20 C^.^Bi!q/Lmih^phen^ 
group attached to die q.20 alkyi, and q.20 aDgi with an attached phoiyl group substituted 
wiihK 
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The following Peptide Ketoester ocm^Mmcb ate rqnesenta^^ 
OanqKninds found to be usefiil as Ca^Min inhibitors ivithin die context of the jpteaeat 
invention: 

B^-DL-Ala-OOOEt 
5 Bz-DL-Ala-COOBzl 
Bz-DL>Ala*CC>QnBu 
B2-DL-Phe<XX>Et 

Bz-DL-Ala-aX)CH2<<^'CF3 (para) 

Bz-DL-Arg-COOEt 
10 Bz-DI^Lys-COOEt 

Z-Ala-DL-Ala-COOEt 

Z-Ala-DL-Ala-COOBzl 

Z-Ala-DL-Ala-COQnBa 

MeOSuc-Ala-DlrAla-OOOMe 
15 Z-Leu-Nva-OOOEt 

ZpLett-Nle-COOBt 

Z'Leu-nie-OCX)Et 

Z-Leu-Abu-COOEt 

2S-Leu>Met-0OOEt 
20 Z-Fhe-DL-Fhe^XX>Et 

H-G]y-DL-Ly8-CX>OEt 

H-AIa-DL-Lys-CXX)Et 

H-I>FD-DL-Lys-CXX}Et 

H-Phe-DL-Lys-CCX>Et 
2S Z-Ala-Ala-DL*Ala-CX)OEt 

Z-Ala-Pro>DL>Ala'COOEt 

Z-Ala-Ala-DL-Abu-COOEt 

2^-Ala-Ala-DL'Abu-CXX3Bzl 

2^>Ua-AIa-DI^Abu-OC)OCH2-CjQ4-CF3 (para) 
30 MeO^uo-Val^Fro-DL-Fhe-OOOMe 

H-Leu-Ala-DLpLys<X)OBt 

Z-Ala-Ala-Ala-DL-Ala-OOOEt 

MeO-Suo-AlB-Ala'Pro-DLAbu-GOOMe. 

Z-Leu-Fhe-COOEt 
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PhCO-Abu-OOOEt 

(CH3)2CH(CH2)2CX>.Abu-COOEt 

C^CH2CH)2CHCX)-Abu<X)OBt 

Ph(CE^eOO-Aba-COOEt 
S Z-Leu-4^Phe<X)QEt 

Z-Len-Lea-Atw<X>OEt 

Z-Lefu-Lox-Plie^OEt 

2-lbpS(VL«hAbi^000Bt 

2-N^O^Lea-LeihAbu-CX>OBt 
10 Z-Leo-NLeu-GO^ 

Z-Leu-Hie-CX>2Bu 

Z-Lea-Abu-COjBu 

Z-Lea-Fhe-CX)2BzL 

Z-Leu-Abu-CO^ 

15 wehavefoundcertamsubdassesofPeptideKetoacidCoiiipoundstote 

useMwhea used m accordant with the present inveati^^ These are subclasses ate the 
Dqiqitide a-Ketoadds (Subclass A). theDipeptide a-Ketoadds (SubdassBX theliripeptide 
o-Ketoadds, the Tetrapeptide a-Ketoadds and the Amino Add pq)tide a-Ketoadds. All 
of these are considered to be withhi the dass of Pqitide Keto-Compomids. 
20 lbs Dipeptide a-Ketoadds (Subdass A) axe compounds of the structure: 

Mi-AA-NH-CHRyOO-CXWDH 
or a pharmaceutuall^ aoocptaUe salt, ^todn 

MiiepresentsH.NH2^NH2<S-.N%SOj.,X-OTO>.X;^.^^ 

X^N-CS-* X-NH-SOy, l^^SOr, X-CCH X<S., X-SCV, X-O-CX).. or X-O-CS-; 
25 X is sdected to the group consisting of q.ioaIIq?l.Ci.ioflnoroalk^ 

substitutedwiihl, Ctioflno«»l>^»^»*^«^'^^' ^"^^^ 

substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphtivl substituted with K, naphthyi disubstituted with K. naphthyl trisubstituted with K. 
q.ioall^ with an attadied phenyl group, q.ioaII^ with two attadied phenyl groups, q.io 
30 aD^ with an attadied phei^l groi?> substituted with K, q.^ alk^ with two attadied phenjd 
groups substituted wfth K, q.jo aDgd with an attadied pheno^ group, and q.jo alkyl with 
an attadied phenoi^ gro)^ substituted with K on the phenoQr gcot^; 
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J is selected from the groiq> consisting of halogen, OOOH, OH, CN, NO2, NH2, C^. 
10 alkoxy, q.^^ alkyiamine, dialkylamine, ^.^o aD^-O-CX)-. C^,^ aUgd-O-CO-NH-, 
and aIlg*-S-; 

K is selected from the groi^ consisting of halo^ C^.^q alkjd, C^.^q peifluoraallgd, 
5 Ci.ioaIkaxy, NOj, CN, OH. OO^ftamino, q.^oallgikmino^ C2,^f!liBlkylBBmo, C^-C^acyU 
and aDon^-OO-, and C|.|o aOgd-S-; 

AA is a side chain blocked or unUodced amino acid ^vith the L configuration, D 
configuration, or no chiraliQr at the a-caibonsdectedfrom the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
10 tryptophan, ^rcine, serine, threonine, cysteine, tyrosine, aq)aragine, glutamine, aspartic add, 
glutamic add, fysine, arginine, histidine, phenj^^^^e, beta-alanine, norieudne, norvaline, 
a^ha-aminobutyric add, epsilon-aminocaproic acid, dtrulline, hydroo^roline, ornithine, 
homoarginine, sarcosine, indoline 2-carbax^ add, 2-azetidinecarbGKylic add, pt pf c^liniV 
add (2-piperidine carboxyiic add), O-methyiserine, O-ethyls^e, S-methyiq^eine, S- 
15 ethykysteine, S-benzykysteine, NH2-CH(CH2CHEt2)-CX)OH, a^ha-aminohqstanoic add, 
NH2-CH(ai2-l-napthyi)-COOH, NH2-CH(CH2-2-napthyl).COOH, NHj-GHCOij- 
cydoheiyi)-CX)OH. NHj-CHCCHj-cydopentyiH^OH, NHj-CHCCHj-cydobutyi^COOH, 
NH2-CH(CI^*€ydopropyi)-OOOEt trifluondeudne, and heaafluoroleudne; 

R2 rq>resents C^^ faranGfaed and unbranched alkyl, C^^ branched and unbranched 
20 cydized all^ or C^^ branched and unbranched fluoroaO^ 

The Dqwptide a-Ketoadds (Subclass B) are compounds of the structure: 
M1-AA2-AA1-CO-OH 
or a pharmaceuticaliy aocq3table sah, wherdn 

Mj represents H, NHj-CO-, NH^-CS-, NHj-SOj-, X-NH-CO-, X^N-CO-, X-NH^S-, 
25 X^N-CS-, X.NH-SO2-, X2N-SO2-, X-CO-, X-CS-, X-S02-, X-0-CO-, or X-O-CS-; 

X is selected from the ffoup consisting of C^.^q ^^lo fluoroallQi C^^^^ alkyl 
substituted with J, C^.^q fluoroall^I substituted with J, l-admantyl, 9-fluorei^ phenyl, phrayl 
substituted with K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K, n^hthyl disubstituted with K, naphthyl trisubstituted with K, 
30 Ci-io ^1 ^ attached phenyl group, C^.^q allyl with two attached phenyl groiq)S, C^.^o 
aSgd with an attadied phenyl group substituted with K, and C^.^g alkyi with two attached 
phenji groups substituted with K, q^.^Q alkyl with an attached phmo^Qr group, and C^.^q allgrl 
widi an attached pheno]^ groiq> substituted with K on the phenoxy group; 
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J K selected from die group consisting of batogen, COOB. Ol^ CN, NP2, NE^ C^. 
„ alkooy, Ci.M aH^lamine, 0^^ «l«>B9iM«ffl»e. Ci-10 "Dgi-O-OO^ q.^ aDcyJrO^XJ-NH-, 
and C1.J0 sSkytS-; 

Kissdectedftomtliegroq) consisting of liabg«i,q.ioaIM.pi.ioP«*^ • 
5 q.„aIkniy,N02,CN,OH,Cp^ainino,Ci.„aIlylamin<^ 

andq4oaltagf<X).,aiidC^alIgM-; ^ 

AA^ is a side «*»«" hlodcBd or imUocfced amino add widi tlie L configuration. D 
«i«fignr «rinn, ar no dmality at Ae g-caibon selected from the grog) consisting of alanine, 
valine, lendne, isoleudne, proline, metiiionine, mefliionine sulfoxide, pheiqiialanine, 

10 tryptophan, serine, threonine, (gwteine, tyrosine, asparagine, gbitamine, aspartic add, 
glutamic add, tyshie, aiginine, histidine, phenylglydne, beta-alanine, norieudne, norvaline, 
alpha-aminobu^ add, €psilon-aniinocq)roic add, dtrulline, hydro^roline, ornithine, 
homoarginine, sarcosine, inddine 2-carba5ylic add, 2.azetidinecarbo^ add, pqiecolinic 
add (2-p5>eridine carbo]^ add), O-methylserine, Oethylserine, S-methylcystdne, S- 

15 ethykysteine, S^enzyleystdne, NHj-CBCCHjCHEtjH^OH, a^jha-aminoheptanoic add, 
NH2-CH(CH2-l.napthyl)-COOH, NH2.CH(CH2.2iiaptl9l)-CCX)H, NHj-CHCCHa- 

NB^-CH(CE^-< y dn pr oByO-CXX)^ trifluordeudne, and hexafiuoroleudtte; 

AA2 is a side diain Uodnd or uiridodcBd anuno add widi the L conjuration, D 

20 ^«fi jn«*inn, «r iia difraliiy at the gnarfaon sdected from the group consisting of alanine, 
valine, leucine, wdeucme, prolme, mediionuie, mediionine sulfcride, phei^alanine, 
tryptophan, glydne,serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic add, 
glutamic acid, ^sine, arginine, histidine, phei^igtydne, beta-alanine, norieudne, norvaline, 
a^ha-aminobutync add, ^on-aminoc^roic add, dtniDine, hydroiqfproJme, ornithine, 

25 homoaigniine,san»sine,indoIine2-carbaxylicadd,2-azetidinecarbo3yl^ 

add (2ii5>eiidine carbojqrlic add), O-methjlserine, O-cthylserine, S-methj^cystdne, S- 
ethylcysteme, S-ben^cysteine, NH2-CH(CH2CHEt2)-CX30H, alpha-aminoheptanoic add. 
NH2<:H(CH2-l-napthyI)-COOH, NH2-CH(CH2-2-napthyl)-COOH. NHj-CHCCHj- 
£ydohe^)-COOH,NH2-CH(C%<ydopentyl>COOH,NH2-CH(CH^^ , 

30 NH;j-CH(C%<ydoprt5Jjl)-COOH, ttifluoroleudne, and hezafiuoroleudne. 

Ihe Tdpq)tidea-Ketoadds are conqiounds of the structure: ^ 

M^-AA-AA-AA-OO-OH 
or a pliatmaoeutical^ aeeqitaUe salt; viierein 
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Ml reprcsciit8H.NH2«^. N^-CS-.NHj-SOj-, X-NH^X)-, 3yj.CO-, X-NH^S-, 
X^-CS-, X-NH-SO2-, Xj^N-SOj-. X<X>-, X-CS-, X-SO2-, XO-CO-, or XO^; 

X Js selected from . die groi^ consisting of C^.^q alkyl, C^.^q fhioroal^ C^.^^ aOgd 
substituted whh J, C^.iO^^'^'"^^^^'"!'^^^'^ l-admanQi S-fiuorenji pheayl, phenyl 
5 substituted with K, phen^ disubstituted with phen^ trisubstituted with K» nqihtlQii 
naphthyi substituted with n^hthyl disubstituted with K, naphtlqrl trisubstituted with 
C1.10 ^ &n attached phenyl group, C^.^q aH^ with two attached phenyl groups, C^^iq 
al^ with an attached phenyl gro^p substituted with K, and C^.^q alkyi with two attached 
phenyl groups substituted with C^.^^Qalkyl with an attached phenco^ group, and C^.^Q allcyl 
10 with an attached phenoxy group substituted with K on the phmcacy group; 

J is selected from the group consisting of halogen, CCX)H, OH, CN, NO2, NHj, C^. 
10 alko^Qr, C^.^Q alkylamine, diallgdamine, C^.^q all^l-O-CO-, C^.^ alkyl-O-CO-NH-, 
and C^.^o fiU^-^; 

K is selected from the groiq> consisting of halogen, C^.^o ^-10 perfhioroaDgdL 

15 C^.^Q aIko3Q^, N02> CN, OH, COjO, amino, C^.^q alkylamino, Cj^^ diaOcylamino, Ci-C^o 
and C^.^o alkosy^OO-, and C^.^q aDcjfi-S-; 

AA is a side chain blocked or unblocked amino add with the L configuration, D 
configuration, or no cfairaliqr at the a-caibon selected from the group ccmsisting of alanme, 
vaUne, leucine, isoleudne, proline, methionhe, methionine sulfoxide, phenylalanine, 

20 tryptophan, ^|ydne, serine, threonine, cysteine, tyrosine, aaparagine, ghitamme, aspartic acid, 
glutamic add, lysine, arginine, histidine, phenylgl^cine, beta-ahuime, nuleucine, nozvalme, 
alpha-aminobutyric add, q>silon-aminoc^roic add, citrulline, hydnnyproline, ornithine, 
homoarginine, sarcosine, indoline 2*carboxylic add, 2*azetidinecarfoQ3Q4ic add, pipecolinic 
add (2<^^peridine carboo^ add^ O-methylserine, O-ethyls^e, S-methjdcysteine, S- 

25 ediylcysteine, S-benryl(7steine, NHj-CHCCE^CHEtj^COOH, alpha-aminoheptanoic add, 
NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2-napthyl)-COOH, NH2-CH(CH2- 
cydohexyl>COOH, NH2-CH(CH2-cydopcntyl)-COOH, NH2-CH(CH2-cydobutyl)-C»OH, 
NH2-CH(CH2-(ydopropyl)-COOH, trifluoroleudne, and hexafluoroleudne. 
The Tetrapq)tide a-Ketoadds are oonqx)unds of the structure: 

30 M^-AA-AA-AA-AA-CO-OH 
or a pharmaceuticaUy aooqitable salt, wherein 

Mirq)rescntsH,NH2<X>,NH2^,NH2-S02^X.NH-00-,X2N^^^ 
X^-CS-, X.NH-SO2-, X^-SOj-, YyOO-, X-CS., X-SO2-, X-0<X>-, or XO^; 
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X is selected from die groi^ consisting of C^.^ aDgd, C^-lo ^oroalkyl, C^.^q 
substitated^th J, C^.^Qfiiioroalkylsubstitiitodwith J» 1-^admanlyl, 9-fhiareayipheiq^pheEgi 
substituted with K, phsa^ disnbstituted with E, pheogd trisubstituted with K, n^hti^l, 
n^ditfayl sidntituted widi K, nqyhtlqfl disubstit^ 
5 C^jiQ al^ wifli an attached pheqd group, Cy^ bBs^ wiA two attached pheqfl groi^js, C^j^q 
alkyl with an attached pheigdgcoiq) substituted widi]^ and C^^ attached 
phaqd groins substituted with C^.|0 aDgd with an attached phenoqr group, and C^.^ alksd 
widi an attadied phencoQr groiqp substituted with K on the pheno^ groiip; 

Y^is sdectedfirom the group consisting of Cj^^q ^-lo fiuoroaOgd, q.^Q Okyl 
10 substitutedwith J, C^.^QfluoroaDg^ substituted with J, 1-admantyl, 9-fhioren]i phenyl, pheigd 
substituted with K, phexqi disubsdtuted with K, phenyl tnsubstituted with naphthyi 
naphth^ substituted with K, naphthyl disubstituted with naphthyl trisubstituted with K, 
Cj.io ^ attached phenjd groiq), C^.^q aDgd wifli two attached phenyl groups, C^.^q 

ali^ with an attadied pheiqd group substituted with K, and C^.^q altyl with two attached 
15 phenyl groins substituted with ^ 

J is selected from the group consisting of halogen, OOOH, OH, CN, NO2, C^. 
alkay, q.^o alkylamine, C^j2 dWlg'lanune, q.io aIlcyl-0-CX>, C^^^q allgd-0-CX)-NH-, 
and allgplrS-; 

K is sdected finun die group oonsisdng of hatogen, C^^q aD^ €^.^0 pofluoroalky], 
20 q.ioaIk03y,NO2, CN, OH, CXJ^ammo, q.i|,aDgtoniino, Cj^^^OkytBsmo, C^-C^QBcyl, 
and alfasQr-CX)-, and C^^q allytS-; 

AA is a side cham blocked or unblocked amino add widi the L configuration, D 
configuration, or no diiraUly at the a-caibon selected from the group consisting of alanine, 
valine^ leucine, isoleudne, proline, methionine, methionine sulfoxide, pheigdalanine, 
25 tryptophan, ^cine, serine, threonine, cysteine, tyrosine, asparagtne, gjutamine, aspartic add, 
gl ^fflfT^ fg add, fysine, arginine, histidine, phenylglycine, beta-alanine, norleucine, norvaline, 
a]pha*aminobutyric add, epsilon-aminoc^rolc add, citruUine, hydroo^roline, ornithine, 
homoarginine, sarcosine, indoline 2-carboQylic add, 2*azetidinecarba^4ic add, pipecolinic 
acid (2-p^>eridine carbo:^ add), O-medijdserine, O-ediylserine, S-metlgdcTSteine, S- 
30 ethykysteine, S-boizj^cysteine, Iffl^-CT(CH2CHEt2)-CXX)H, a^ha-aminohqjtanoic add, 
NH2-CH(CH2-l-napthyI)-COOH, NH2-CH(CH2-2-napthyl)-COOH, NHj-CHCCHi- 
(ydohexyl)-COOH, NH2-CH(CH2^dqpentyl).COOH, NH2-CH(CH2<ydobulyl)^OH, 
NH2-CH(CH2<ydqpropyl)-OOOH, ttifhiorQieudne, and hexafiuondeudne. 

The Amino Add Peptide a-Ketoadds are compounds of die structure: 



SUBSTITUTE SHPPT 



wo 92/11850 



PCTA)S91/09786 



.39. 

Mi-AA-OO-OH 
or a phaimaoeuttcaDy aooqitaUe salt, ^min 

M| rq)ie8entsH.N%00-» NH2<S^,VH2^0^, X-NH-OO-^X^-CO-, X-NH-CS-, 
X^-CS-, X.NH-SO2-, X^-SCV, Y2-CX>-, X<S., X-SO2-, XO-OO-, or X-OCS-; 
5 Xissdectedfiromthegroiq^cxiiisisdngof C|.^0 ^'^'^''^'^^ Pi-lD ^^^Q^ 

sabstituted with J, C^.^q fluoroalkyl substituted with J» l*admantyl, 9-fhioreiiyi, phei^ phenyl 
substituted with K, phei^ disubstituted with phoqd tnsubstituted with naphdayi 
naphtfagd substituted with K» n^hthji cfisubsdtuted with nqihthyl trisubstituted with K, 
C|.l0 aDgi with an attached pheiqd groiqi, C^.^q allgi with two attached phenyl groi^is, C^.^^ 

10 aU^ with an attached phenjA group substituted with K, and C^.^^ alfyl with two attached 
ph^iyl groups substituted with K, C^.^q ^ attached phenco^ group, and C^.^q alkyl 

with an attached phenoo^ group substituted with K on the phenoo^ group; 

Y2 is selected from the group consisting of C^.^g all^l, C^.^q fiuoroaDgd, C^.^^ allgd 
substituted with J, C^.^q fiuoroallgd substituted with J, 1-admantyl, 9-fluorenyl, phei^rl 

IS substituted with K» phenyl disubstituted with K» phen^ trisubstituted with naphtfayl» 
naphthyl substituted with K» naphthyl disubstituted with K, nqihtfa^ trisubstituted with 
Cx.io aOEyl with an attached phenyl group, C|.io ^ attached phengd groups, C^^^ 

alkyl with an attadied phenyl group substituted with K, and C^.^q alkyi with two attached 
phmyl ffoups substituted with K; 

20 Jis selected from the group consisting of hatogoi, COOH, OH, CN, NOj, NI^ C^. 

^0 alko^, C^.^Q aO^lamine, C^^ diall^amine, q.^ aU^l-O-CX)-, C^.^q aIlc)i-aO>MH-, 
and q.io alkyl-S-; 

K is selected from the groiq> consisting of halogen, C^.^q aDgd, C^.^g pcrfluoroall^l, 
alkoxy, NO2, CN, OH, CO;^ amino, C^.^g alkylamino, C2.12 dudlgdatnino, C^-C^o 
25 and C^.^q alkco^-CO-, and C^.^q alkyl-S-; 

AA is a side diain blocked or unblocked amino add with the L configuration, D 
configuration, or no diirali^ at the a-carbon selected from the group consisting of alanine, 
valine, leucine, isoleucine, proline, methionine, methionine sulfoxide, phenylalanine, 
tiyptophan, ^cine, serine, direonine, cysteine, Qnrosine, a^aragme, glutamine, aspartic add, 
30 glutamic add, lysine, ai]ginine, histidine, phen^gjtydne, beta-alanine, noxieudne, noivaline, 
aJ^ha-aminobutyric acid, q)silon-aminocaproic add, catrulline, l^droo^roline, ornithine, 
homoarginme, saroosbe, indoUne Z^arbco^ add, 2wtidinecaibcRyiic add, pq>ecQlinic 
add (2i>9oddme caibcocylic add), O-methylserine, O-etlQrlseriae, S-methylcysteme, S- 
ethylcysteine, S4>en^lcysteine, NH2-CH(CEl2CHEt2}«OOOH, alpha-aminoheptanoic add. 
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NH2-CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2.napthyl)-COOH, NH2-CH(CH2- 
cydohexyiycOOH, NI^-CaB[(CH2<ydopenQrl)-COOIt NH2-CH(CH2<yclobutyl)-COOH, 
iqH^CH(C^<ydqprq7l>COOH, tnfluondeucine, and hexafiuondeudne. 

Tbe foDowmg Pq)tide Ketoacid oompomids are representatnre of the Peptide Keto* 
5 Compounds fDund to be usefid as Ca^ain bhitdtois within die context of the present 
invention: 

B&^D]>Lys-OOOH 
B&DL-Ala-CX)OH 
Z-Leu-Fhe-OOOH 
10 2>Leu-Abu-CX30H. 

The pq)tide a-ketoamides are transition state analogue inhibitors for cysteine 
proteases, such as f^^l pain We have found that P^tide a-ketoamides containing amino 
add residues with hydrophobic side diains at the P^ site are excellent inhibitors of several 
cysteine proteases including ca^ain I and ca^ain H 
15 We have found five subclasses of the peptide ketoamides to be particularly effective 

in inhihiting Calpnln Ihese subdasses are referred to herein as D^qitide a-Ketoamides 
(Subdass A)» D^eptide a-Ketoamides (SubdassB), Tr^eptide a-Ketoamides, Tetrapeptide 
a-Ketoamides and Amino Acid a-Ketoamides. All ofAese subclasses are considered herdn 
to be widiin tte dass of Pqitide Keto-Q»Q)Ounds. 
20 The Djpepttde a-Ketoamides (Subdass A) have the fiallowmg structural fionnnla: 

Mi-AA-NH-<HR2-CO.CX>-NR3R4 
or a pharmaceutical^ aooq>table salt, wfaerem 

X^N-CS-, X-NH.SO2-, X2N.SO2-. X^X)-, X-CS-, X^Oj-. X-O-CO, or X-CM3-; 

25 X& selected from the group consisting of C^,^ alkyi, q.^, fluoroallgd, C^.^^ allgrl 

substituted with I, C^.i^fluoroallgd substituted with J, 1-admantyl, 9-fluorenyl, pheiqd, phenyl 
substituted with K, phenyl disubstituted with K, phenyl tdsubstituted with K, naphibyl 
naphthyl substituted with K, naphthyl disubstituted with K, naphthyl trisubstituted with K, 
Cj.io allgrl with an attached phaqd group, C^^io alkyl with two attached pheiqrl groups, C^.^q 

30 alkyl with an attached phenyl group substituted with K, C^.^q allgi with two attached phoiyi 
groups substituted wifli K, C^.^q alkyl with an attached pheno^ group, and C^.^o aSkyl with 
an attadied phenoiy group substituted with K on the phmoxy group; 
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J is selected from the groiq) consisting of halogen, COGH^ OH, CN, NO2, NH^ C^. 
10 alkoxy, C^,^ aDQilamine, C^jj diaDqtonine, C^.^q aIlgd-0<X>-, C^.^q alIgrI-0<X>-NH-. 
and C1.10 al^*S-; 

K is selected from the groiq) consi^ing of halogen, C^.^q alkyl, C^^^ peifiuoroallgd, 
5 C^.2o alko^, NO2, CN, OH, OO2H, amino, C^.^q alkylamino, Cj^^ dialksdamino, C^-C^q ^ 
C^.2o aJkoqr-CO-, and C^.j^ aUgi-S-; 

AA is a side diam Ubcted or unUocfced amino add with the L oon^gmration, D 
configuration, or no duxalily at the a-caibon sdected from the group consisting of alanine, 
valine, leucine, isoleudne, prdinci methionine, methionine sulfoxide, phenylalanine, 
10 tzyptophan, ^dne, serine, threonine, ^steine, tyrosine, asparagine, j^utamine, aspsitic add, 
glutamic add, lysine, arginine, histidine, phenyi^dne, beta-alanine, norleudne, norvaline, 
a-aminobutyric add, q)silon-aminocaproic add, dtrulline, hydroxyproline, ornithine, 
homoarginine, sarcosine, indoline 2-carboxylic add, 2-azetidinecarbcgylic add, pq>ecQlinic 
add (2-pq>eridine carboo^lic add), O-methylserine, O-ethylserine, S-methylcysteine, S- 
15 etfa)d(7Steine,S-ben2ylcysteine,NH2<S(CB^CI^^ a-aminohq>tanoicadd,NH2- 
CH(C3El2-l-napthyl>COOH, NH^.CH(CH2-2-naptlQl)-CXX)H, NHj-CHCCE^Hydohesgd)- 
COOH, MH2<S(C%<7dopent3d)-COOH, NH2-C3a(CH2<yclobutyl)-COOH, NH2- 
CH(CH2<ydoprq)yl)-OOOH, trifhiondeudne, and hocafluoroleudne; 

B2 is selected from the grovp oonsistuig of C^^ branched and unbrancfaed alky]» C^^ 
20 branched and unbrandied cydized all^l, and C^^ branched and unfaranched fluoroalkyl; 

R3 and S4 are sdected indq>endentl|y from the groiq) consisting of H, C|.2a 
C^J2Q cydized aDgd, 0^.20^^ <^Pb^ attached to the C^^^o ^-20 Obelized 
allgrl mth an attadied phenyl group, C^.^^ allgd with an attached phenyl groi^ substituted 

with K, €2-20 ^^^^^ attadied phenyl group disubstituted with K, C^.20^^^^^^ 
2S attached phenyl group trisubstituted with K, cydized all^l with an attadied phenyl 

group substituted with K, C^.^^ all^l with a morpholine [*N(CH2CH2)0] ring attadied 
through nitrogen to the allgi, C^.^q alkyl with a p^eridine ring attached throu^ nitrogen 
to the alkyl, C^.^q allgd with a pyrrolidine ring attached throu^ nitrogen to the all^l, Cj.20 
aligd with an OH groiq> attached to the all^l, -CH2CH20CH2CI^OH, C^.^q with an 
30 attached 4-pyridyl groi^, C|.^q with an attadied 3-pyrid^ groiq>, C^.^q with an attached 2- 
pyridyi group, C^.^q^^ an attached cydoheg^l group, -NH-C3]2CH2'(^^y<If™ypI^™yl)t and 
*NH-CH2CH2-(3-indQlyl). 

Ihe Dq>qitide a-Ketoamides (Subdass B) have the following structural fonnula: 
Mi*AA2-AAi-CO-NR3R4 
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or a phannaoeuticaify acceptable salt, herein 

Ml represents H.N^O>,Ma2<S.,OT^-S02.,X 
3yj-CS., X-NH-SO2-, X^-SO^-, X-CO., X-<S-, X-SOj-, XO-00-, or X-CKS.; 

X is selected firom die groiq) cansisting of q.^o alkji q.|o fluoroallgi C^^o ^ ' 
5 substituted with J, q.^fiuoioallgdsDbstitutedwith J, l-edman^ S-fluoreiqi pheogipheiqA 
substituted wiA X, phenyl disubstituted with pheogd tiisubstitnted with ^ naphthgd, 
naphU^ substituted with K, n^hthj^ disahstituted with ^ naphdqd trisuhstituted with K. 

q.ioalk3iwithanattachedpheiqdgroup, q.io^^ 

aOtyl with an attached pheiQdgn>i9 substituted with ^q.^oalkjAwiA two attached 

10 gpmps substituted wiA Cy^^ aOcjl with an attached phenaqr group, and C^^ aDgrl with 
an attached pheno^ S^ovp substituted with K on the phencD^ groi;^; 

J is selected firom the group consisting of halogen, OOOH, OH, CN, NOj, NB^ q. 
10 alka:^, q.^o alkylamine, q.j2 dialkylamine, q.io alkyi-O-CO-, q.^^ alkyl-O-CO-NH-, 
and q.io aOgi-S-; 

15 K is selected from the group consisting of halogen, q.jo alkyi, q.^o perfhioroalkyl. 

q.loalkaxy, NO^ CN, OH, CO^H, amino, q.^oallgtomino, C2^^diBikyiaimno, q-qoaqi 
and q.io aIko:gr-CO-, and C^^ aUg**; 

AA^ is a chain blo^ed or unblocked amino add with Ae L configuration, D 
configuration, or no durality at die a-carbon selected ficom die groip consisting of alanine, 

20 valine, leudnCi isdeudne, pcoltne, methionine, methionme sulfioadde, pheqdalanine, 
tryptophan, serine, threonine, cysteine, tyrosme, aqiaragtne, ^utamine, aspartic add, 
^utamic add, fysine, argimne, histidine, phen^gl^dne, beta-alanine, norieudne, norvalme, 
a-aminobu^ric add, qisOon-aminocaproic add, citruUine, hydraxyprolin^ omidiine, 
homoargininei saioosine, inddme iHcarba^lic add, 2^azetidinecaibaxyiic add, pipecolinic 

25 add (^p^eiidine caibcocyiic add), O-metfaylsenne, O-ethyb^e, S-methylc^steine, 

ethylcysteine,S-bCT^dcysteine,N^-<:H(CT^ o-aminoheptanoicadd,NH2- 
CH(CH2-l-napthyI).COOH, NH2-CH(CH2-2-napthyi)-COOH, NH2-CH(CH2-cydohexyl)- 
CXXJH, NH2-CH(CH2<ydopentyl)-CXX)H, NB2-CH(CH2<ydobutyl>COOH, NHj- 
CS(CS2'<ydoprapyl)<XX)B^ trifluoroleudne, and hexafluoroleudne; 1 

30 is a side rhatn blodced or unblocked amino add with the L configuration, D 

configuration, or no durality at Ae a-caifoon sdected from the ffoup consisting of alanine, 
valine, leudne, isoiiaidne, . proline, methionine, methionine sulfoxide, phoijdalanine, 
tryptophan, ^^^e, sodne, threonine, cysteine, ^rosine, aq)aragine, ^ ut a m i ne , aq)artic add, 
gtntamlc acid, J^Tsinc, arginine, histidine, phenyl^ydne, beta-alanine, nozleudne, norvaline, 
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a-aminobutyric add, epsQon-ammoeqiroie add, dtrullme» faydnsg^rdine, ornithine, 
homoaigininei saroosine, indolin ^wsftrhmyite agiM, ^-yy^drnf^rirmylir add, pipecotiinic 
add (2^4ietidine caibooylic adcQ, O-metiiyberine, O-ethylserine, S-mediylcysteine, S* 
ethyk3fsldne,S-bcmag^kystd^ a-aminoheptanoicadd^NB^ 
5 CH(CH2-l-naptfayl>COOH, NH2-CH(C%2-ni^tl9l)-C900H, NH2-CH(C3^-Gydohe9Qd> 
COOH, NH2-CH(CH2<ydopcntyl)-CX)OH, NH2<a(C3J2<ydobutyl)-OOOH, NH^- 
CH(CH2-cydopropyl>CXX>H, trifluoroleudne, and hexafiuoroieudne; 

R3 and R4 are sdected indq>aidendy from the group consisting of H, alkji 
C1.20 cydizcd aDgi allgd with a phayl group attadied to the allgi C^^jo Q^dized 
10 allgd with an attadied phoiyl groiq), aU^ with an attadied pheiqd group substituted 
with K, C^.2o alkji with an attadied phenyl group disubstituted with C^.^o ^ 
attadied phen^ groiq> trisubstituted with K» qn:lized allgd with an attadied phenyl 
groiq> substituted with K, q.^o allgrl with a moipholine [-N(CH^CH2)0] ring attadied 
throus^ nitrogen to the alkyl, C^.^q all^ with a p^iradine ring attadied through nitrogen 
IS to the alkyk C^.^q altgd with a pyrrolidine ring attadied throu^ nitrogm to the aU^l, 

allgd with an OH group attached to the aDgil, -CB^CH20CH2CB^0B; C^.^q with an 
attadied 4-pyridyi groiqi, C^.^q with an attached 3-pyiidyl group, C^.^^ with an attached 2r 
pyridyl group, C^.^o^ith an attached (7dohe9gflgroup,-NH-CH2CH^^^ and 
-NH-CB2CH2<3-indQl^). 
20 The Trq)q>tide a-Ketoamides have the following structural formula: 

Mi.AA-AA-AA-CX>-NR3R4 
or a pharmaoeutically acceptable salt, ^K^ierein 

Ml represents H, NHj-CO-, NH^^S-, NH^-SOj-, X-NH-00-, X^N-CO-, X-NH-CS-, 
X2N-CS-, X-NH-SO2-, XjN^Oj-, X-CO., X-CS., X-S02-, X-O-CO-, or X-O-CS-; 
25 X is sdected from the group consisting of C^.^q allgi C^.^^ fluoroalkyl, C^.^q allyl 

substituted with J, C^.^oiluoroalkyisubstituted with J, l-admantyl, 9-fiuoren]d, phenyl, phogd 
substituted widi K, phenyl disubstituted with K, phenyl trisubstituted with K, naphthyl, 
naphthyl substituted with K, naphthyl disubstituted widi K, naphthyl trisubstituted with K, 
C^.lQ allgd with an attadied phaiyl groi^, C^.^q al^ with two attadied ph«^ groups, C^.^q 
30 all^l with an attached phenyl group substituted with K, C^.^q ^ attached phenyl 

groups substituted with K, C|.2o allgd with an attached phenoi^ group, and C^.^o all^with 
an attadied phenoocy group substituted with K on the phenoogr groiqi; 
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Jis selected from the groi^ oonsisdiig of halogen, COOB, OH, CN, NOj. NSj, Cj^ 
„ alkcny, q.io aD^Iainme, Cj.u diallgd^ 
and all^lrS-; 

Kis selected fram the groiq) consisting of hatogai, Cj^M 

AA is a Mtfft I**" Hodced m miblocked amino add ¥alh the L conggnration. D 
canfignntum, or no chiialiiy at the a^caibon sdected fiom die groi^ 
valine^ leuciae, irolpwdn'^, proline, methiraiine, methionine sulfoxide, phenylalanine, 

10 tiypt(5»hai^^^ydne,8edne,direonine,cysteine,tyioshie,aq>a««^ 

^ntamic add, lysine, arginine, histidine, pheiqdg^ydne, beta^alanine, nodeadne, noivaline, 
o^aminobutyric add, qjsflon^aminocaproic add, dtnilline, hydrojqpMline, ornithine, 
homoaiginine, sarcosine, indoline 2-caii)o:grlic add, 2^izetidinecarixnylic add, pq)ecolinic 
add (2-pq>aidine carixsgrlic add), O-medgrlsoine, O-ediylserine, S-metlqdtysteme, S- 

15 ethyicysteine,S-ben:9l(y5teine,NH2-CH(C^CHEt2).a)OH,«.a^ 

CH(CHi.l.napthyi>COOH. NE^.CH(CH2-2.napthyl>OOOH, N%CH(CH2Hg«dohayi> 
COOH, NH2-CH(CH2^openlyl>COOH, NHj^HCCHj-cydobutyO-COOH, NHr 
CH(CH2<ydopropyQ.OOO:^ trifinotdliaidn^ and hffraflwnr otaidae; 

R3 and are selected indqtendentfy from die group cQOSsdng of ^ alkji 

20 Cj^cydfaedalk5l,q^allg*widiapheiqrlgroupattadiedtotheq.2oall^ 

all^i ^ an attached phenyl poup. Cj^ allgl with an attadied phenyl group substituted 
with K, allgi ^ an attadied phenyl gtoi?» disubstituted with 1^ al^ with an 

attached pheiiyl groiqi trisubstituted with K, qwlized aUg* with an attadied phenyl 
group substituted wifli K, q.io aBgl widi a morphdine [-N(C^cai)0] ring attadied 
25 tiirou^ nitrogen to the allgfl,q.ioaIJ5i with a piperidine ring attadied through nitr^ 

to die all^l, q.io al^ ^ » pyrrolidine ting attached dirougji nitrogen to die aUgt q^o 
all^ widi an OH group attadied to die alkyl, .CH2CH2OCH2CH2OH, q.io widi an 
attadied 4-pyridyl groi^, q.^ widi an attadied 3i)ytidji ffoup, q.io widi an attadied 2- 
pyridylgtoup,q.iowidianattadiedeydohejg4group,-NH-CH2Ca2K4-hydro^henyi^^ ♦ 

30 •NH-CH2C%<3-inda^). 

The TetrqiqKide a-Ketoamides have die following structural foimula: > 
M1-AA-AA-AA-AA.CO.NR3R4 
or a phatmaceuticalfy accqtfable salt, wherein 
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Mireiiresent8H,m2-Ca,NH2<S-»NH2-«02^X-m-C^ 
X^N-CS-, X-NH-SOj-, X^-SOj., X<X)-, X-C3-, X«)2-, XO-00-, or X-0-CS-; 

X is selected from the groi^ conaistiiig of C^j^q bOs^ €^.20 fhioroal^ C^.^q 
substituted with J, C^.20flaoroall9l substituted with J, l-admantyl, 9*iluoreiiji phenyl, phengd 
S substituted with li; phenjrl disufastituted with K, pheiqA trisubstinited with K, w^htlgd, 
naphtfagd substituted with K» luphtbjA disiibstitutcd with K» uaphtl^ trisubstituted with K, 
0^40 ^^^vith an attached pheiqfi groiq>, C^.^q ^ attached phmyl groups, C^.^ 
allgrl with an attadied phmyi groiq> substituted with C^^q alkyi with two attadied phenyl 
groups substituted with C|4o allQl with an attached pheno^ groi^, and C^.^q 
10 an attached phenojQr group substituted widi K on the phmoxy group; 

J is selected from the group consisting of halogen, CCX>H, OH, CN, NOj, NHj, C^. 
alkojy, q.io aDcjdamine, €2,^ diaDgiiamine, q.jo alkyl-O-CO-. Cj.^q alkyi-O-CO-NH-. 
and C^-io 

K is selected from the groiq) consisting of halogen, C^.^q alkjd, C^.^q petfhioroalkjd, 
15 Ci4o alkai^r, NO^, CS, OH, CO^H, amino, C^^q allgdamino, C2.12 diaDgdamino, C^-C^q acji, 
and C^4Q alkoxy-OO-, and C^.^o aD^tS-; 

AA is a side chain blocked or unblocked amino add with the L oon^guration, D 
configuration, or no cfairality at the a-carbon selected from the groqp consisting of alanine, 
valine, leucine, isoleucine, prcdine, methionine, methionine sutfoxide, phenylalanine, 
20 tryptophan, gjlydne, serine, threonine, cysteine, 9n)sine,aq^ 

glutamic add, lysine, arginine, hisddme, phmyl^cine, beta-alanine, norleudne, noivaline, 
a-aminobutyric add, q)siIon-aminocaproic add, dtruUine, hydro^roline, ornithine, 
homoarginine, sarcosine, inddine 2<arfoo3^ add, 2-azetidinecarboo^ add, p^ecolinic 
add (2-piperidine carboo^lic add), O-methylserine, O-ethylserine, S-methylcystetne, S- 

25 ethylc7steine,S-ben^lcysteine,NH2<IH(CH2CH&2H^ a-aminoh^tanoicadd,NH2- 
CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2.n^thyl)-CXX)H, NH2-CH(CaH2-<ydohc:Ql). 
COOH, NH2-C3J(CH2-(ydq)entyi)-COOH, NH2-CH(CH2-cydobutyl)-CX)OH, NH2- 
CH(CH2-cydopropyl)-COOH, trifluoroleudne, and hcxafluoroleudne; 

R3 and R4 are sdected indq>endentfy from the group consisting of H, C^.20 

30 C^,^cydmdBikykC^^20^'^^^^ 

all^l with an attached phenyl groiq), 0^.20 alkylwith an attached phenyl group substituted 
with K, q.20 ^ ^ ™ attached phenyl group . disubstituted with K, all^l with an 
attadied phenyl groi^ trisubstituted with K, cydized alkjd with an attadxed phenyl 
group substituted with K, ^.^q <^ ^ ^ moipholine [•N(CH2CB^O] ring attadied 
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tfarou^ nitrogen to the aO^ C^.^q ^ piperidme ring attadied through nitrogen 

to the aUgi C^.^o alkjd whk a pyrrolidine ring attadied throng nitrogen to the aBsyi, 
aO^ iritfa an OH groi^ attached to the aDgi 'CH2Ca20CH2CH20B, C^.^q ^ an 
attadied 4-pyrid{yl group, Cj^io^^^^^^^^lV^^ff^^' C^.jq wbh an attadied 2- 
5 pyzidjrlgroiq), q^^withanattadiedcTdoheaKsAgroup^-m^ 

Th^' A ywfaft Afi^ i»,|rg»^ami'Hft« ham the feUowmg atnictural formnla: 

or a phazmaceuticall]r aooeptaUe salt, "wherein 

10 Mire|)resentsH,N%00-,NH2-CS-,NH2-S02-, X-NH-CO-.X^-CO-, X-NH-CS-, 

3C^.CS-, X.NH-SO2-, X^-SO^-, X-CO-. X-CS-, X-SO2-, X-O-CO-, or X-0-CS-; 

X is selected from tiie groiq) consisting of C^.^o alkyl, C^.^q fluoroaHgi, C^.^q allgi 
substituted with J, C^-io^^^^^l^"''^^^^^' l-admanQd, 9-ihu>r^l,pbrayl,phaq^l 
substituted with phmyl disubstituted with phsijd trisubsdtuted with X, naphtlgd, 

15 naphth^ substituted with E,naphth]d disubstituted with K, naphtfayltrisute^ 

C^.lQ aOgrl with an attadied phenyl groxq), Cj^.^^ al^ with two attadied phenyl groups, C^.^q 
alfeyl widi an attadied pheiqi group substituted with C^.^o ^ attached phei^ 

groups suhstitttted with K, C^^q alkyl with an attached pheno^ groiqp, and C^.^q allgrl with 
an attadied phenooQr groiqi substituted wiA K on die phenoiQr gfoispi 

2D J bsdected from die group consisting of hatogen, 000% 0%C3r,N02^NE^C^^ 

10 aDraqr, q.^o aDgrlamine, C^^ diaB^Iamine, C^.^ aUgrl-O-CO-, aIl^-0<»-NH., 
and C^.20 aO^l'^* 

Kis selected from the groiqi consisting ctf halogen, C^,^ allgi C|^^0perfiuoroaDgi 
9^.10 alkogr, NO^ CN, OBt 00^ amino, q.^o aBgaamino, Cj^^ diallqrlamino, q-Cio «^ 

25 and 0^.10 alkoQ^CO-, and Ci.^oaIkyI-S^^ 

AA is a side chain blocked or unblocked amino add with the L configuration, D 
configuration, or no cfairality at the a-carbon selected from the groi^ consisting of alanine, 
valine, leudne, Jsoleudne, proline, methionine, methionine sulfoxide, phenylalanine, 
tryptophan, gj^dne, serine, threonine, cysteine, ^rosine, aqiaragine, gjutamine, a^artic add, 

30 gl^itaiTiiff acid, fysine, arginine, hisddine, phei^^dne, beta-alanine, norleucine, norvaline, 
ff-aminobu^ric acid, q^silon-aminoa^roic acid, dtrulline, hydrooq/proline, ornithine, 
homoarginine, saroosine, indoline 2-carbGg7lic add, 2-azetidiiiecarbco^lic acid, p^ecoliiuc 
add (2{)4>eridine carboiQdic add), O-metlqdsaine, 0«ethy]serine, S-metfaylcysteine, S- 
eti^cysteine,S-bCT2ylcysteine,N^-CH(CE^CHEt2><^ a-aniinohq)tanoicadd,NH2- 
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CH(CH2-l-napthyl)-COOH, NH2-CH(CH2-2-nq)thyl)-CX)OH, NH2-CH(CH2-<yclohetyl> 
CX)OHt N^-<::H(a^<ydopen^l>COOH, NB^<S(C:B2-<7clobutyl)-COOH, NI^- 
CH(CH2<yGlcqprpp3d)-OOOH, tiifluorQleudiie» and heaGafluoroleudne; 

S3 and R4 are selected indqiendent^ from the ffoup consisting of H, C^^q aOg^ 

OkyL vnOi an attached phengA groiQ), alfcsd vnOi an attached phenyl gnn^ suhstitiited 
with E; al^jfl ^ an attadied phei^i groi^ disubsti^^ 

attadied phei^l group ttisubstituted with K, cydized alkyl with an attadied phenyl 
grotq) substituted with K» C^.^q alkyl with a moiphaline [-N(CI^CH2)0] ring attached 

10 throu^ nitrogen to the all^l, C|.|o aD^ with a piperidine ring attached throu^ nitrogen 
to the allgrl, C^.^q allc^ with a pyrrolidine ring attached throu^ nitrogen to the aJkyX 
alkyl with an OH group attadied to the al^ -CH2CH2OCH2CH2OH, C^.^^q ^ 
attadied 4-pyridyl group, C^.^ with an attadied 3-pyridyl ffconp, C^.^q ^ attached 2- 
pyridyi group, C^-io^ ^ attadied cydohoc^ groi^, -MH-CI^CI^*(4-hydro]QfphenylX and 

15 .NH^2CH2-(3-indotyl). 

Ihe Applicants are aware of onfy a single pq)tide ketoamide reported in the 
litmture. lliis compound is Z-Phe-NHCH^CO<X>-NH-Et (Z-Phe-Gfy*<^ The 
compound is rq)orted in Hu and Abdes ^Mt. Blodienu Biqpf^. 281, 271-274 (1990)] to 
be an inhibitor of pqiain and cathqrain B. 

20 Ihe following Pqptide Ketoamide compounds are representative of the Peptide 

Keto-Compounds found to be usefiil as Calpain inhibitors within tibe context of the present 
invention: 

Z-Leu-Phe-CX>NH-Et 

Z-Leu-Phe-OONH^^ 
25 Z-Leu-Phe-CX)NH-nBu 

Z-Leu-Phe-OONH-iBu 

ZrLeu-Ph&CONH-Bzl 

ZpLeu-Fhe-CONH-(CH2)2Ph 

Z-Leu-Abu-CONH-Et 
30 Z-Leu-Abu-CONH-nPr 

Z-Leu-Abu-CONH-nBu 

ZrLeu-Abu-CONH-iBu 

Z-Leu-Abu-CONH-Bzl 

ZrLeu-Abu-CONH-(CH2}2Ph 
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Z-I^-Abu^m-<CH2)3-N(C^CH2)20 
Z-LeiHAbu.CONH-(CH2)7CH3 
Z-Leu-Abu-OONH-(CH2)20H 
ZrLco.Abu-00NH.(CH2)2O(CH2)2OH 
5 Z-Leu.Abu-OONH-(C^i7CH3 

Z-Leu-Abu^NH-CHj-CfiHjCOCTyj 
Z-Leu^Abu-CONH-CH2-C4H4N 
Wf* itfiidi*^ th^ inliiTAifw mflAflnkm of the Pq)tideKeto>Campciundsmbodi serine 
and ditol proteases. AoTstalstnictureof onea-ketoesterboiudktotheac^ 
10 serine protease, porcmepancreatkelastase, has been completed The active site Ser-195 
oj^gen of the enzyme adds to the carbon^ groi^) of the ketoester to form a tetrahedral 
intermediate which is stabilized by interactions with the oigranion hole. This structure 
resembles the tetrahedral intranediate invobed in peptide bond Igrdrotysis and proves that 
o-ketoestOT are transition-state analogs. His-57 is hydrogen bonded to the carbonyl group 
15 of the ester fimctional group, the pqitide baddx)ne on a section of the po^qitide 
backbone hydro gen bonds to the inhibitor to form a B-dieet, and the bemgd ester Js directed 
toward the S' siibsites. The side diam of the Pl amino add lesidae is located in the SI 
pocket of the enzyme. Int^acdons with ketoamides would be similar excq)t that dim is 
the possihiliiy of forming an additional Iqrdrog^i bond with the NH groiq) of the ketoamide 

20 fimctional group. 

In Ae case of ketoadds, there would be no R group to intoact with the S' siibsites. 
Therefore, these inhibitors wouU be eoqiected to be sUg^tfy less potent than &e ketoesters 
and ketoamides. aswever,une9q>ectedfy,catamketoaddoonq>ounds have been fiou^^ 
have surprism^ hi^ activity when used in the context of the present invention. In 

25 particular, Z-Leu^Phe-OOOH and Z-Leu-Abu-OOOH have been found to be extronefy 
potmt inhibitors of Calpains. 

The active rite of qfsteine proteases shares several features in common with serine 
proteases induding an active site histidine readue, Jn place of the Ser-195, cysteine 
proteases have an active site cysteine residue whidi would add to the ketonic carbonyl group « 

30 of the peptide ketoadds, ketoesters, or ketounides to form an adduct very similar to the 
structure described above except with a cysteine residue rqpladng the serine-195 residue. 
Additional interactions would occur b^em the extoided substrate binding site of the 
cysteine protease and the inhibitor that would increase the binding afSni^ and ^edfidty 
of the inhibitors. 
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Hie Peptide Keto-Conqxninds bind to the proteases inhibited thereby using many 
of the inteiactians that axe found in conqdexes of a partfeular individual en^me with its 
substrates. In order to deagp an mhihitnr far a particular qwrfwii^ Y^*tnft^^ it b n *¥Tg gaty 
to: 1) find the amino add seqnoices ctf good peptide substrates for that enz^e, and 2) 
S place those or similar amino add sequences into a Pq>tide Keto-Conq^ This design 
strata win also work wfam other classes of pqidde inhibitors are used in place of the 
peptide substrate to gain information on the apprqpriate sequence to place m the Peptide 
Keto<i>nipound inhibitor. Thus, we are able to predict the structure of new inhibitors for 
other proteases based on knowledge of their substrate q>ecificities. Once a good inhibitor 
10 structure for a particular enzyme is found, it is then possible to change other ghflryrtfristiCT 
such as solubility or hydrophobirfty by adding substitucnts to the M or R gcoups. 

In the case of Calpain, a known inhibitor sequence is the pq>tide aldehyde, 
Ac-Leu-Leu-Nle-H (also known as Calpain Inhibitor 1 and hereinafter designated as "Ql"). 
This inhibitor, in addition to a related p^tide aldehyde inhibitor Ac-Leu-Leu-Nme-H (also 
IS known as Calpain Inhibitor II) are commerdaUy available from Calbiochem of La JoUa, 
California. We have discovered diat pq>tide «-ketoesteni with aromatic amino add residues 
in PI are good inhibitors of the thid proteases, cadiepsin B, papain and Qi4)ain. 
Additionally, we have discovered that peptide a-ketoester and pqitide a-ketoamides with 
either aromatic amino acid residues or anall l^drophobic aDcyl amino add residues at PI 
20 are good inhibitors of Cal^Hun. 

Our discovery of Pq)tide Keto-Compounds efiEective as Ca]^)ain Lihibitors was made 
through assay of the Peptide Keto-Compounds as reversible inhibitors. Various 
concentrations of inhibitors in dimethjdsulfoadde (DMSO) were added to die assi^ miimire, 
which contained buffer and substrate. The reaction was started by the addition of the 
25 enzyme and the faydrofysis rates were followed q)ectrbphotometricalfy or fluorimetrically. 
88 mM KH2PO4, 12 mM Na^04, 133 mM EDTA, 27 mM cysteine, pH 6.0 was used as 
a buff^ for cathq)sin B; and 20 mM Hq)es, 10 mM CaC32, 10 mM B-mercaptoethanol, pH 
72 buffer was utilized for ca^ain I and calpain IL 

All pq>tide thioester hydrofysis rates were measured with assay mixtures containing 
30 4,4*-dithiodq)yridine [e324 « 19800 M-lcm-1; Grasetti & Murray, Arch. Biochem. Biophys. 
119« pp 41-49 (1967)]. Papain was assayed with Bz-Arg-AMC or Bz-Arg-NA [Kanaoka et 
aL, Cton. Phann. BuD. 25, 3126-3128 (1977)], and the AMC (7-amino-4-methylcoumaEin) 
release was followed fluarim^ricaDy (eaodtation at 380 nm, and emission at 460 nm). 
Cathepsin B was assq^ed with Z-Arg-Arf-AFC [Barrett and Ktrscfake, Methods ^uymoL 
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-SO- 
SO, 535-561 (1981)], and tiie AFC (7-ainm(>-4-trifluQrcnnetlq^^ release was followed 
flaonmetEEcalfy (acdtatioii at 400 nm* and emission at 505 nm). Catpain I from human 
oytfaro^tes and ca^min n from rabbit wm assq^ed using Sno-Le^ 
J. BbL Caion. 259, 12489-12494 (1984), herd]yincoip^ 
5 (7<uiunD4-metlqdoouniarin)rd^^ 

emissian at 460 nm). Enqimatic Iqrdro^ nues were measured at various sii^^ 
mhibitor oonoentrations, and values woe determined fay Dimn pbt 

TaUeSKCl shows die inhibition constants (K^ for pquin, cathepsinB, calpain ( 

flfid ralpafn TT. 

XO The fn^^ihi'rinn constants for pquin shown in Table FKCl were measured in 0.05 M 

Ttis-HO, pH 7,5 buffer, containing 2mM EDTA, 5mM cystdne (freshfy prepared), 1% 
DMSO, at 25*Q usiiig N*-BeiizoyI-Ar^AMC as a substrate, cxcqit that those values of 
inhibitiDn constants forpapain maAed with an V in Table PKCl were measured in 5^ 
Tris-HCJ, pH 15 buffer, containing 20 mM EDTA, 5 mM cysteine, 9% DMSO, at 25*C; 

15 using N^-BenzoytArg-NA. as a substrate. 
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TABLE FKCl 

Miibirioii of fyrrftii. Pmt«^^ ^^y 



Comoounds 




Ki(mM) 








P" 




a« 


car" 


Z-Leu-Abu-OOOEt 






0.04 


0.4 


Z-Leii.Phe-COOEt 






0.23 


0.4 


Z-Leu-Nte-COOEt 






0.12 


0.18 


ZpLeu-Nva-COOEt 




30 




12 


Bz-DL-Fiie-CXX>Et 


500« 


64 






Z-Fhe-DL-I>he<XX>Et 


L8 


0.1 






Z-Fhe-DL-Ala-OOOEt 


3.6 


32 






Z-Ala-Ala-DLAla-GOOEt 


IS 


21 


200 




Z-Ala-AIa-DL-Abu-COOEt 


OS 


10 


50 


200 


Z-AIa-Ala-DL-Abu-COOBzl 


30 


60 






Z-Ala-AIa-DL-Nva-COOEt 


30 


0.1 






Z-Ala-Pro-DL-Ala-COOEt 


26 


66 






MeO-Sue-Val-Fro-DL-Ph»GOOMe 


1.1 

2<9^ 


0.1 






Z-Ala-Ala-AIa-DL-Ala-COOEt 


2.1 


10.0 






Me0^uo-Ala.Ala-Fro-Abu-CX)OMe 


0.7 


6.0 


100 





^-Papain %I«Ca^)am I 

^CB-Cathq>sm B ^^Calpain n 
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It can be seen from the data in TaMe FKCl Oat the d^eptide ketoesters with Abu, 
Fhe, or Nle in the PI site and Leu in the F2 site are potent inhibitors of cai^ain I and 
calpainIL Iiq>qitideswithAbuorAbin thePl siteand AhindieF28item 
tobeinhihitoiSQf Ca^)ain,aIbeitsomew^ Thus^ 
5 in aocoidanoe witfa the fisrqgDing descdption of die design of Peptide Keto-Ck»q>ound 
inhSutois, we believe that Pqitide Keto-Compounds based on these and dmilar stroctuies 
wiE esdiibit Ca^iain inhihitoxy actiraqr. 

The peptide a-ketoesters are prqiaiedl^ a tTOstq>Dakin-Westpi^ This 
piooedoie can be utilized with either amino add deii v ati ve Sy peptide dezivatives» tcqiqitide 
10 derivatiireSk or tetrq)eptide derivatives as shown in the following sdieme: 

O 

y 

M-<AA)a-OH -> End Ester -> M-<AA)^.«).R. 
The precursor peptide ((AA}„) can be prepared using standard peptide cfaemistxy 

15 procedures, including those that are wdl described in publications such as The Peptides, 
Anal^ Syndesis, Biology, VoL 1-9, published in 1979-1987 fay Academic Press (JThe 
P^tide^ and Hbuben-W^ Mediod^ der Qrganisdien Chonie, VoL 15, Parts 1 and 2, 
SynAese von Pq)tidai, published by Georg Thieme Vedag, Stuttgart in 1974 (^ouben- 
Weyl") (both ref^moes hereby incorporated herein by reference). 

20 The Mgrotq) can be introduced using a number of different reaction sdiones. For 

flmmple, it could be introduced direct^ on an amino add as ^own in the following sdieme: 

H-(AA)a-OH-> M-(AA)^-Oa 
Alternative^, the M group can be introduced by reaction with an amino add ester, followed 
fay removal of the ester group to give fhe same product, as shown in the following sdieme: 

25 H-(AA)a-OR' M.(AA)^-OR* M.(AA)^-OH. 

These and other t^ntfpen for introduction of the M group are wdl documented 
in the The Fqitides, H6uben-Wq4» and many oAer texAooks on organic synthesis. For 
exanq)le reaction with cyanate or p-nitn^heiqA cyanate would introduce a carbang^ group 
(M « NB^OO-). Reaction widi p-nitrophenyl Aiocarbamate would introduce a thio 

30 caiban^groiq)(M« NH2CS-). Reaction with NH^4a2a would introduce AeNH^O^- 
ffoap. Reaction widi a substituted aDgil or ai^isocyanate would introduce the X-NH-^^ 
groi^^ereXisaaibstitutedall^oratyigrovp. Reaction with a substituted allg4 or arjd 
isothiocyanate would introduce the X-NH-CS- group ^ere X is a substituted alkyl or aryl 
gx^up. Reaction with X-S02-a would introduce the X-SO2- group. Reaction with a 
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siibstitiited al^ r axjfl acid diloxide would introduce an acjl group (M « Y-CX>-). For 
csamplei reaction with MeO-OO-CH^CI^-CO-a would give the Y-OO- group when Y is 
a C2alkyl substituted with a CI aDgdOOO- group. Reaction with a substituted alkyi or aiyl 
thioadd chloride would introduce a tfaioacjd group (M - Y^S-). Reaction with an a 
substituted alkyi or aryl sulfonji diloride would introduce an X-S02- groi^p. For example 
reaction with dansyl diloride would giire the X-S02. derivative where X was a napthyi group 
monosubstituted with a dimetlrjdamino group. Reaction with a substituted all^l or aiyl 
chloroformate would introduce a X-0-00-groiq>. Reaction with a substituted alkyl or aryl 
dilorothiof ormate would introduce a X-CXS-. There are massy alternate reaction sdiemes 
whidi could be used to introduce all of the above M groiqjs to give either M-AA-OH or 
M-AA-OR'. The M*AA-OH derivatives could then be used directly in the Dakm-West 
reaction or could be converted into the dq>q>tides» trqiqjtides, and tetrapqjtides 
M-AA-AAOH, M-AA-AA-AA-OH, or M-AA-AA-AA-AAOH which could be be used in 
the Dakm-West reaction. The substituted pqitides M-AA-AA-OH, M-AA-AA-AA-OH, or 
M-AA-AA*AA-AA-OH could also be prqsared direct^ from H-AA-AA-OI^ 
H-AA-AA-AA-OH, or H-AA-AA-AA-AA-OH using the reactions described above for 
introduction of the Mgroq). Alteniatdy, the Mgroi^ could be introduced fay reaction with 
carbo^lUodcedpqitides M-AA-AA-OR', M-AA-AA-AAOR', or M-AA-AA-AA-AA-OR*. 
followed fay the removal of the hloddng group R*. 

Tlie R groiq> in the ketoester structures is introduced during the Dakin^West 
reaction by reaction with an oxalyl chloride Q-CO-CO-O-R. For exam^t, reaction of 
M-AA-AA-OH with ethyl oxalji diloride a-CXWX)0-Et gives the keto ester 
M-AA-AA<XM>-Et Reaction of M-AA-AA-AA-AAOH with CKXKX)0-Bzlw 
the ketoester M-AA-AA-AA-AA-CX>-0-BzL Qearfy a wide variety of R groups can be 
introduced into the ketoester structure fay reaction with various aOgrl or aiylallgd oxafyl 
dilorides (Q-CO-CaO-R). 

The Gxa^ ddorides are easify prepared fay reaction of an alkyl or arylaDgrl alcohol 
with oxalyi diloride Q-OO-CCKl For eaomple, Bzl-O-CO-CO-a and n-Bu-O-CXXXJ-Q 
are prq)ared fay reaction of beoqd akx>hol and butanol, respective^, with oxalyl diloride in 
yidds of 50% and 80% [Warren, C B., and Malee, E J. Ommatogmphy 64, 219-222 
(1972); incorporated herein fay r^erenoe]. 

Ketoadds M-AA-OCW>H, M-AA-AA-CO-OH, M-AA-AA-AA-CO^H, 
M-AA-AA-AA-AA-OO-OH, are general^ prepared from the CQn:eq>onding tetoesters 
M-AA*CO-OR, M-AA-AA-COOR, M-AA-AA-AA<XK)R, M.AA-AA-AA-AA-CX>-OR 
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by alkaline hydrotysis. In some cases, it be necessary to use other methods such as 
hydrogenolysis of a bocyl groiqi (R » Bd) or add deavage (R « t-bu^) to obtain the 
kfftoacid The alteniate methods would be used whm the M groiq) was labile to alkalm 
hydrolysis. 

5 The various peptide ketoamide subclasses (M-AA-NH-(SR2-CO-(:XMm3R4 

(Dipeptide Kctoamides (Subciass A)), M^AA-AA<X>^NR^^ (IXpcptidc Ketoamides 
(SubdassB)XM-AA-AA-AA-CX)-NI^ 

NR3R4 (tetrapeptideketoamidcs) mdhL^-AArCO-m^R^ (Amino AcidKetoamides)) were 
prqiaredindirec^fromthecone^ndingketoesters. The ketone caiboivl group was first 
10 protected as shown in die fidbwing scheme and dien the ketoamide was prqmred by 
reaction widi an amine H-NB3K4. The iDostrated procedure should also work with oth^ 
protecting poops. 



20 



-NR3R4 

O R3 

11 r 

-N. Jl M 



H ^ ^3 



Ri O 

25 In addition to the schone oudined above, a ketoadd could be used as a precursor 

to produce a correspondmg ketoamide. Bkxddng the tetonecarboiQd group of the ketoadd 
and flien coupling with an amme H-NB3R4 using standard pq)tide coupling reagmts would 
yield an intermediate which could thm be deblocked to form the ketoamide. 

Genend SynOtedc Methods for Peptide Keto^mpounds 

30 Unless othmrise noted, materials were obtained from comm^dal siqjpliers and 

used without further purification. Mdting points were taken with a Bfldii capillaiy 
apparatus and are uncorrected ^HNMR spectra were detCTmined on a Varian Gemini 300. 
CSiemical shifts are express^ in ppm (») relative to intraal tetramethjMane. Hash 
oohxmn chromatograplQr was performed with Univosal Scientific Lux silica gel 0-63. 
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Etoctnm-iiiqwct mass spectra (MS) at novd ooinpoimds were determined with a Vatian 
MAT 112S qiectrcmieter. Hie puriQr of all cooqxnmds was diedced by tiiiii- layer 
diromat(^{rqilv on Baka Si2S0F silica gd plates using the following solvent qntem: A, 
CHOsiMsOa - 20:1 v/v; B, CHC^AIeOH - 100:1 v/v; Q AcOEt; D, CaO^MeOB - 
5 10:1 v/v; E, n-BuOH:AcOHa9'^0 - 4:1:1:2 t/v, F, CHC^ddeOH - 5:1 v/v; G. 
AcOEtAfeOH - 10:1 v/v; H. (yPryy, I CBO^iMieOmAtiaH. - 80:10:5 v/v, J, 
CaasMtOHJicOE. - 95:5:3 v/v; K, AcOBt:AcOH - 200:1 v/v, L, COO^ M, 
CHC%:MeOH »50:lT/v 

Amino add metfa^ ester liydrodilotides woe prqnred according to M. Brenner et 
10 aL^dv. Otem. Acta 33, 568 (1950); 36, 1109 (1953)] in a scale over 10 mmol or according 
to Radide Otg. Chem. 28, 2898 (1963)] in a scale of 0.1-1.0 mmoL 



Yidd (%) mp (*C) m.p. (literature) 

DL-Nva-OGHaHO, 100 113-116 116-117 

L-Ile-OCHj-HCi, 98 90-91 98-100 

15 LrPhe-OCHyHCS, 98 159-161 158-160 

DL-Abo-OCHyHCS, 100 148-150 150-151 

L-Leu-OCBsHa 100 145.5-146.5 147 

DL-Nle-OCHj-Ha 93 120-121 122-123 

4^Fhe-OC^Ha 98 184-185 (decomp.) 185-186 



20 NrAqflamino adds was aynthesfased via Sdiotten-Baumann reaction \h/L Bergmann, 

L. Zervas. Chan. Ben 65, 1192 (1932)] in the ease when the aqrl groiq> was phenylsi4>hoigd, 
2- nq)hthylsu^hon]A or bemayL 
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Yidd(%) mpCC) TLC(%eluent) 

2-NapS02-L-Leu-OH 49 115-116 0581 

2-NapS02-DL-Abu-OH 51 150-151 0501 

2.NapS02-L-aeOH 57 148-1483 0-48K 

5 FheSO^DI^Abu-OH 44 142-143 0J51K 

FhCX>-DI/-Abii^H 64 141-142 0.6^ 



N-Acjianuno adds widi 44ned9^entaiioic^ 2<1- prq^jpentanoic a&d 
7-phagflheptano2C gfoap was fynthgsizffd in a two step synthesis. The N-ac^ammo add 
medqii ester was obtained fist and Aen was Igrdra^^sed to the free N-acjflammo add. 

10 N-Atytandno Add MeOyl Earn (Genenai^^ ToaduIIed(10''C)sli]ii7of 

the apprqpnate amino add metbsd ester Iqrdrodiloride (20 mmol) in 100 ml benzene was 
added slowfy (tenqi. 10-15 C) 40 mmd triethylamine or N- meth)dmoiphQline and then the 
reaction mixture was stirred for 30 minutes at this temp^ature. Then 18 mmol of 
appropriate add diloride (temp. 10-15 ^C) was added slowly to the reaction mixture and 

15 the reaction mixture was stirred ovemi^t at room tenq>CTture. The precqpiatated 
hydrochbride was filtered, washed on a fimnd with 2 x 20 ml benzene, and the collected 
filtrate was wa^ed successive^ with 2x50 ml 1 MHO, 2x50 ml 5% NaHCO^, Ix 100 ml 
^O, 2x50 ml satdNaQ and dried over MgS04. After ev^orationc^Aesohent in vacuo 
(rotavaporatorX die residue was checked for purity (TLC) and used for die nest step 

20 (hydrdfysis). 

Yidd(%) mpCp) 
(CH3)2CH(C^CX5-DL-Abu-OC^ 80 oil 

(CH3C^CH2)jCBOO-DI/-Abu-OCH5 96 117-118 

rbiCa^fiO-DI^Ab^i^OCH^ 72 oil 

25 Ifybofysis (General Procedure). To a sdution of 10 mmole of the appropriate 

N-acylamino acid methyl ester in 100 ml of medianol was added in one pordon 11^ ml of 
1 M NaOH (1L25 mmol) and the reaction mixture was sdrred three hours at room 
temperature. Tlien the reaction mixture was coded to 0 (ice- salt bath) and acidified 
to pH » 2 with 1 M HQ aq. To this reaction mixture was added 100 ml e±yl acetate, 

30 transfcared to a sqiaratoiy fimnd and organic layer sq)arated The water layer was 
saturated with solid NaQ or (NH^)^^ and recxtracted with 2 x 50 ml AcOEt The 
collected organic layer was washed with 2x50 ml H2O, deodorized with carbon, and dried 
av& Mg?04. After evaporation of the solvent in vacuo (rotavaporator), the reddue was 



SUBSTITUTE SHEET 



wo 92/11850 



PCT/US91/09786 



10 



15 



20 



25 



•57- 

checked for ptni^ (ILC) and in the case of cratiunination was aystallized firom an 
appropriate sohrent 

Yield (%) mp CQ 
(CH3)2CH(CH2)200*DL-Abii-OH 92 1105-112 
(CH3CH2CH2)2CHOO-DL>>U)iiOH99 126-127 (n-octane) 
Ph(CH2)gCO-DL-Abu-OH 89 110-112 (n-octane) 

N-Agddqiq>tide medgd esters were sjndiesized via the HOBt-DCC method in a 
DMF sohition ^jBnig and O^ger, Cbem. Ber. 103, 788 (1970)]. 



Z-Leu-DI^NVa-OCHs 
Z-Leu-L-Phe-OGHj 

Z-Leu-L-Ile-OCHj 

Z-Leu-DL-Abu-OCH, 



Yield («) 

80 

83 

97 

99 



80 



mp cq 

112-113 
86-87 

ofl 

86-88 

91-92 

111- 11L5 

112- 132 



TLC (Rfk ehiait) 
0J7B 
0.85 A 
039 B 
0.79 A 
0.43 B 
033 B 
0.26 H 
0.79 G 

0.77 J 



(liquid aystal?) 0.68 K 



ofl 



059 A 



Z-Leu-L-Leu-OCHj 
Z-Leu-DL-Mjeu-OCHj 97 
Z-Leu-4-a-Phe-OCH3 ^ 

2-NapS02-Leu-DL-Abu-OCH3 

99 

2-NqiS02-Leu-LpLeu-OC^ 

90 97-985 0.63 A 

N-Ac9ldl^pq>tides were obtamed fay Iiydraiysis of the q)prqpriate metfagd estefs via 
a general hydro^rsis procedure. In the case cl N-su^hoi^d^tqitide meth^ esters, 1 
equivalent of the methji ester was hydroiyzed with 2.25 equivaient of 1 molar NaOH 
because of form a sulfonamide sodium salt. 
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"Held(%) npCCD ILC (I^ elnent) 

Z^Leu-DL-NVa-OH 100 117-1185 0.11 A 

Z-Leu-I/-Fiie-OH 92 105-10&5 O^^C 

OSSG 

5 Z-Leu-L-ILe-OH 79 77-TO 022 A 

052C 

Z-LeihDLrAbaOH 99 glass 0.61 G 

^Leo-LrLenOH 97 glass 0561 

2^Lea.DL'NLeo-OH 98 95^ 

10 ZJjm^-CahsOB. 87 104-114 0.48 K 

Qiqmd oystal?) 

2-Ni^02-Leo-DL-Aba-OH 

97.4 180-195 (decnnp) 0581 
2-Nq)SC^-Leu-I/>Lea-OH 
15 94.0 68-70 0521 

N-Acyti^tide metlqA estera were qmthesized yia HOBt- DCX: method in DMF 
sabidcm JKOug and Geiger, Chem. Ber. 103, 788 (1970)]. 

YuSdi%) tapCQ lLC(Rpeluent) 
ZrUa^JBoMutOCB^ 87 140.1415 050 A 

20 ZpLeo-Leu-FheOCB^ 76 ~ 158-159 0.83 J 

2-Ni;iS02-Lea-Lea-Abu-OC!^ 

97 >200 052A 

N-Ac^ttqieptide wett ditained throu^ hydrafysis of die appropriate metlqil esters 
via general hydrofysis procedure. In the case of N-su^hony]trq>q)tide meti^l ester, 1 
25 univalent of metlgil ester was Iqrdroljized with 2.25 equivalfflit of Im^ 
the sulfonamide sodium salt 

Yidd mp CC) TLC ehient) 

Z-Leu-Leu-Abo-OH 97 ^ass 0.691 

Z-Leu-Leu-PheOH 98 glass 0.44 K 

30 2-N^02-Leu>LeikAba-OH 

85 193-195 0531 

(decomp.) q^jj 

The fiinq°ring wnrr^**'. RTnmplaa Wgri .PKCfiS, are givm to ilhistrate the svnflieds 
35 of Fqitide Keto-Compounds: 
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EXAMPLE FKCl 

Z-Ab-DL-Ala-COOEt TUs oompoand wbs spthesized by a modified Dakin-West 
pro(«liire[Caiailesetal^ J.aieiii.So^ To a stined sobitian 

of Z-AIa-Ala-OH (880 iQg, 3 mmole), A-'^tOi^lan^cpyni^c (15 mg, 031 mmole), and 
5 pyridine (0^ mL, 10 mmole) in tetrahydrofiiran (3 mL) was added etiqrl caaHyl ddoride (0.7 
mI^6nunde)ataratesu£BGienttoJnidateiefh]xing» Ihemixdirewasgentfyrefliixedfor 
3S h. The mixture was treated with water (3 mL) and stirred viigoroust^ at room 
temperature for 30 min. The mixture was extracted with etl^d acetate. Hie organic extracts 
wen dried and evaporated to obtain the residue (1.45 g). Hie residue was 
10 dmmiatogrq>hed on silica gd and ehited with 0^02 S^^ product, oil 

(500 mg, 37%); single qwt on tic, « 0.67 (CHCl^HAeOH « 9:1); MS, m/e - 451 
(M'*' + l). To a stirred suq>ension of the enol ester (210 mg, 0.47 mmol) in anhydrous 
ethanol (1 mL) at room temperature was added dropwise a solution of sodium ethcodde in 
ethanol until a dear yellow solution resulted. Hie ethanol was then removed and the 
15 residue was treated with edier. Hie ether solution was washed with water, dried, and 
evaporated to give a residue. Hiis residue was diromatographed on a silica gd and the 
product was duted with medQdene chloride. Hie solvent was removed, and the peptide 
ketoester ZrAIa-DI^AIa-Op^ was obtained as an semi-solid (150 mg, 92 %); aio|^e spot 
on tlc^ Rf^ OSi (Caa^iMsOa - 5:1); MS, m/e • 351 (M^^l). AnaL Calcd for 
20 Ci^0^2 1/3 HjO: C, 57.29; H, 6.22; N, 7.86. Found: Q 57.23; H, 636; N, 8.17. 

EXAMFIfFKO 

Z-Ala-AIa-DL-Ala-OOjEt Hiis confound was prqiared from Z-Ala-Ala-Ala-OH 
using the same procedure as described in Example FKCl. Hie product was ciystallized 
from ethyl eOier in 23% yidd; single spot on tic, « 031 (CHa3:MeOH = 9:1); mp 
143-144 •Q MS, m/e - 421 (M+). AnaL Calcd. for CjxPzPl^r ^ ^6.99; H, 6.46; N, 
9.97, Found: Q 56.96; H, 6.49; N, 9.92. 

EXAMPLE PKC3 

Z-Ala-Ala-DL*Abu-CX>2E^ Hiis oonqx)und was prepared from Z-Ala-Ala-DL- 
Abu-OH in 11% yidd by the procedure described in Example FKCl; sin^e spot on tic, 
Rf^ « 0.60 (CHa3:MeOH = 9:1); mp 11H13 •Q MS, m/e - 436 (M+ + 1). AnaL 
Calcd. for C21H29O7N3 1/3 H^O: C, 57.13; H, 6.75; N. 9.5L Found: C, 5738; H, 6.82; 
N.9.62. 
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EXAMPUEPKC4 

Z-Ala-Ala-DI^NnhCOjEt. This compoimd was prepared fean Z-AU-Nva-OH in 
20% yidd by the proccdiTO desccibed iB Enn^ 

(CHOstMeOH = 5:1); MS, m/e = 450 (M*+l). AnaL C2aIod. for C^flifi^s^P: Q 
5 56^1; H, 7.11; N, 859. Found: C, 56.42; H, 7.08; N, 9.06. 

EXAMFl£PKC5 

Z^Pio-DI/^Ato-CX)^ This compound was prepared from Z-Ala-Pro-Ala- 
OH-dkydolMaglamine in 19% yield by the procednre described in Eample PKCl; single 
8potontJ<;B,*-055(CHC^diteOH-9:l);MS,m/e-447(M+). AnaL Calcd. for 
10 C^fyO^ m ^O: C 57.88; H, 6^ N, 921. Found: Q 57.65; H, 6.68; N, 9.17. 

EXAMPLE PKC6 

SkAIa-AIa-Ala-DIrAIa-CO^ The compoimd was prqpared from Z-Ala-Ala-Ala- 
Ala-OH in 7% yield by the procedure described in Example PKCl; single spot on tic, R,^ 
»0.40 (CBOsMeOB » 9:1); mp. 163-165 'Q MS, m/e = 493 (M*+ 1). AnaL Calcd. 
15 for C23H32O8N4 V2 H20: Q 55.08; H, 6.63; N, 1L17. Found: Q 54.85; H, 6.53; N, 
1L14. 

EXAMPLE PKC7 

Bz-DL-Phe-COjEt This compound was prepared from Bs-PheOH in 36% yidd 
by &e procedure described in Esample PKCl, oil, single spot on tic, Rf* - 0^^ 
20 (CHCl3difcOH-9:l);MS,m/e-32S(M+). AnaL CataL far CuftjO^Nl/a H^Q: Q 
68.86; H, 5.98; N, 4.22. Found: C; 69.10; H, 6.09; N, 4.38. 

EXAMPLE PSX3 

MeO-SuhAIa-DL-Ab-COsMe. This compound was prqared from MeO-Suo-Ala- 
Ala-OH in 22% yield by the same procedure as described in Example PKCl, except that 
25 sodium melhoride in methand was used for enol ester hydrotysis, single spot on tl«^^^ 
- 0.43 (CHOjAfeOH - 9:1); MS, m/e « 317 (M++1). AnaL Calcd. for 
Cj^0^4l/i HjO: Q 48^; H, &46; N, 8.69. Found: C, 48.56; H. 639; N. 8.69. 
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EXAMPLE FKC9 

MeO-SiK-Ala*Al»-Pni-DL^iKX)^^ Tlus OQropound was prepared from 
MeO-Su<>A]a-A]a-Fro-DI/-Abu-OH in 22% yidd bjr the procedure described in Exan^e 
FKC8; foam, sin^e on dc, R/ » 0.66 (CHC^tMeOH » S:l). AnaL CUcd. for 
C2^sfi^4^0: Q 5L53; H, 7,02; N, 10.85. Found: C 5L11; H. 7.03; N, 10.88. 

EXAMPLE PEXUO 

MeO-Sac-Val^Pro-DL-Phe-COjMe. This compound was prepared from MeO* 
Suo-Val-Pro-Fhe-OH in 42% jdeld fay the same procedure as described in Emmple 
PKC8; foam, ain^e on tic, R,^ 0S7 (CRCl^MeOH « 9:1); MS, m/e « 517 (M+). 
AnaL Calcd. for C^zfi^sV^ HjO: Q 58.96; H, 6.90; N. 7.93. Found: Q 58.92; H, 
6.96; N, 7.89. 

EXAMPLE FKCU 

BaB-DL-Ala-COj-fi-Bo. This compound was prepared from Bz-AIa-OH in 45% 
yidd by the procedure described in Example PKCl, eaoxpt ihatn-butyl axaijdchloride 
was used for the Dakm-West reaction and sodium n-butoidde in it-butanol was used for 
enol ester hydrdiysis; colorless oil, m^e spot on tk, K^^ « 0.72 (CHa3:MeOH » 9:1); 
MS, m/e « 277 (M*). 

EXAMPLE PKC12 

Bz-DL-AIa-COjBzL This c(mq>onnd was prqiared from B^AIa-OH in 26% yield 
by the procedure described in Example PKCl, excqpt that benzyl oocafyl chloride was 
used in place of ethjd oxayl chloride and sodium boi^laxide in bens^l alcohol was used 
for enol ester hydrolysis; sin^e qwt on tic, -0.69 (CHC^rMeOH • 9:1); mp 95-97 
•C; MS, m/e « 312 (M*+l). AnaL Calcd. for H20: Q 67.48; H, 5.66; 

N, 437. Found: Q 67.78; H, 535; N, 4.66, 

EXAMPLE PKC13 

Z-Ala-DL-Ala-COj-A-Bu. This compound was prepared from Z-Ala*Ala-OH in 
14% yidd by the procedure described in Example FKCl, except that n*bu^l ozalyl 
chloride was used in the Dakin-West reaction and sodmm n-butoodde was used for enol 
ester l^dn^ysis; oil, single spot on tk; K^^ - 0.45 (CHOjAfeOH « 9:1); MS» m/e « 
378 (M+). AnaL CUcA for q,H2606N2 1/3 H^ac; 5935; H, 7.00; N. 729. Found: Q 
59.41; H, 7.03; N, 7.10. 

EXAMPLE FKC14 

ZnAIa-DL-Ala-CX>2BzL This compound was prqiared from Z-AIa-Ala-OH in 
36% yield by the procedure described in Exanqde PKCl, excqit that ben2yi oxa^ 
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cUotide was used in tiie Dakin-West reaction 

was used for end ester hydrotysis; single spot on tic. = 055 (CHCJaiMeOH - 9:1); 
MS, m/e - 413 (M*+l). AnaL Calcd. for Cj^O^f Q 64.06; H, 5.87; N, 6.79. 
Found: C, fi3.79; H, 5.95; N, 6.72. 

EXAMFISFKCIS 

ZrAla-AIa-DL-Abn-COjBxL This conqwund was prepared from Z-Ala-AIa-Abu- 
OH in 31% yidd by the piooednre described in Enmple EKCl, acqrt 
cbtoride was used in the Dakin-West reaction and sodium ben^Io^ 
was used for eool ester hydrotysis; single spot on tlc^ K,* - a40 iCRO^-MsOB - 9:1); 
mp 124-125 MS, m/e - 498 (M++1). AnaL Calcd. for CjfiHaiO^^/S B^O: C 
61.28; H, 639; N, 8.24. Found: Q 6L14; H, 6.65; N, 754. 

EZAMFIEFK06 

]|>.DL^Ala-COOH. The l^drofysis procedure of Tsushima et aL p. Org. Chem. 
49. 1163-1169 (1984)3 was used. Bz-DL-Ala-CX)^ (540 mg, 22 mmol) was added to a 

15 sointion of 650 mg of sodium bicarbonate in an aqueous 50% 2i)ropandsotatiOT 

mL of ^O and ^^ropanoO and stirred at 40 'C under nitrogen. After adding ethyl 
acetate and a saline sototion to the reaction mixture, the aqueous l^er was separated 
and acidified with 2N HQ and estracted with ethyl acetate. The organic layer was dried 
over magnesmm sulfate and the solvent was removed underreduoed pressure. Ihe 

20 cnidehydrofysis product was chronuitogtaphed on silica gd and etated with met^ 

chloride and methand to obtain an oil (150 m& 31%); ain^ spot on tk^ K/ - 0.68 (n- 
butanduicetic add.-pyridine:H20 - 4:1:1:2). AnaL Cabd. for €^^0^3/4 B^O: Q 
5628; H,5J7;N, 5-97. Found: Q 5621; H, 5.4^ 5.66. 

EXAMPLE FEC3L7 

25 z.Leu.lIL.N«HCX)OEt This compound was prepared from Z-Leu-Nva-OH m 60 

%yiddby the procedure described in EsampleEKCl; on, one spot on tic, Rf « 0.49 
(CHC^AieOH - 20:1). NMR (CDOa) «: 0.91 (t, 9H), CH3; 125 (t. 3H). CH3; L38 (q, 
2H), OCHjC^ t64 (in. 6H), t85 (in. IH). CH(CS3)2; 434 (m. IH) 
C^CHaiHCX)OC^)CONH; 5.12 (d, 3H) NHCH(CX))CBa and OCH^ 532 (d. 

30 lH)NH;6.71(d,lH)NH;736(s,5H)Ph. 

Z.Leu-DI/.Nva-end ester, the precursor of Z-Leu-DL-Nva-COOEt was 
syndiesized by the same procedure as described in Eatample EKCl and purified by 
cdmm»duomatQgraphy.dl.one«?K,tontia NMR (CDQa) «: 0i>6 (t, 9H); 125 (t. 
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3H); 1.41 (t, 2H); 154 (m, 4H); V72 (m, 3H); 2.80 (t, 2H); 4.20 (q, 2H); 4.43 (q, 2H); 
5.16 (q, 2H); 523 (s. IH); 737 (m. 5H): 1L33 (s. IH). 

EXAMPLE FKC18 

Z'LeiKDL'Flie^CXWEt This oanqxnmd was prqnred from 2>Leu-FlieOH in 30 
S % yield by the procedure desaibed in EaiqJeFKCl; oi^ 0.47 

acaasMeOE » 50:1). NMR (CDO^ 8: (US (d, 9H). OO^GEls and (CH3)2CH; 135 
(ft 2H), OCHj^s: 1^ (4 2H), (C^CHCB^CH; 3.03 (m, IH), (CR^^JOB; 432 (m. 
2H), NHCH(00)CB2: 5.08 (a» 4H) CB^ 5.40 (m, IH) NH; &61 (d. IH) NH; 731 (Is, 
5H) Fh; 735.(^ 5H) Fk 

10 Z-Leu-DL-Hi&«nol ester, die precursor of Z-Leu-DL-Fhe-OOOEt was 

qmthesized by the same procedure as described in Example FKCl and purified by 
column diromatography, oil, one ^t on tic. NMR (GDQj) i: 0.86 (t, 3H); 0.99 (t, 
3H); 1.24 (t, 3H); 1.40 (t, 3H); 152 (m, 2H); 1.83 (m, 2H); 4.23 (m. 4H); 439 (q, 2H); 
5.10 (t, 2H); 5.18 (s, IH); 7.26 (m, 5H); 734 (m, 5H); 8.89 (s, IH). 

15 EXAMPLE FKC19 

Z'Lea-DL-Abo.COOEt This conqwund was prqiared from Z-Leu-Abu-OH in 
33 % yield by the procedure described in Exanqde FKCl; oil, one spot on tic, Rf » 0.66 
(CHCS^rMeOH = 20:1). MMR (CDOj) ft: 0.96 (t, 9H), OCHjCHj and (CH3)2CH; 1.26 
(t, 3H), CHjCHjCHj; 137 (q, 2H), OCHjCHj; 1.66 (q, ZH), (C3l3)2CHC3l2C3I ; 100 

20 (m, IH). CHCGHj),; 4.12 (q, 2H) CHCH2CH3; 434 (m, IH) 

NHCH(CX)NH)CH2CH(CH3)2; 5.12 (4 3H) CH^ and CONH(Et)CHCCXXX); 5.29 (t. 
IH) NH; 6.79 (d. IH) NH; 735 (8, 5B) Ph. 

2^Leu-DL>Abu-end ester, the precursor of Z>Le«-DL>Abu*O0OEt was 
qmthedzed by the same praoednw as described in Bsan^le FKCl and purified by 

25 ccJumn cfaromatogrqihy, oil, one spat on tic. NMR (CDGj) ft: 0.98 (t, 6H); L12 (t, 
3H); 1.24 (t, 3H); 1,41 (t, 3H); L73 (m. 4H); 2.86 (q, 2H); 420 (q, 2H); 431 (m, IH); 
4.42 (q, 2H); 5.15 (q, 2H); 521 (s, IH); 734 (m, 5H); 1129 (s, IH). 

EXAMPLE FKC20 
Ala'DL-Lys^COOEfHCL To a solution of N^carbobemyioagralanyl-N*- 

30 carbobenzyko^Iysine (1.88 g, 3.9 mmol), 4.dimetIq1aminopyridine (21 mg, 0.17 mmol), 
and pyridine (1.0 mL, 12.4 mmol) in IHF (7 mL) was added eth^ cocatyl chloride (0.9 
mL, 8.0 mmol) at a rate sufSdoit to start refhixing. Hie mixture was refiuxed gentfy for 
3 hr, treated with water (4 mLX and stirred vigorous^ at room temperature for 30 min. 
Ihe mixture was ettracted with ethjl acetate, the oiganic extracts were washed with 
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watff, dried over MgS04 and evirated to gnre an oifyreadue(U^ Toasdntion 
of the enol ester (156 g, 2.7 mmoO in anlqrdrons edumolwu added drapnise a solution 
rf sodium edioride in ethand at room ten?«rature iinta &e sd 
yellow, j^unolms removed and the lesidae^i&sdved in edgdaoMte. The 
5 fa eniirtinw ma washed with watBT. dtfed pyef MiaS04. and evaporated to giw a 

lesLdae. Ibis residue was then purified by column ehromatogrqjhy and the product was 
doted with ddoiafinnHnedianoL The sdvent was removed and Z-Ala-DL-LysO^)- 
00^ was obtained as a IqrgrosoqplB ponder (328 m& 16 %), sin^ qK)t on ^ 

053 (CH£%-MeOH « 9:1); MS, m/e » 542 (M*+l). 

10 N-GibobenzcoyaIaiq^rDL-N*carbob«i2009tysine keto edqd ester, Z-Ala-DL- 

Lys(Z)-CO^t (328 mg^ 0.61 mmd) was deprotected witii liquid HF containing anisde at 
0 "C fcr 30 min. The HF was removed under reduced pressure. The residual oil was 
dissdved in absdnte ethand. HO/ethand was added to the sdution, and ethand was 
r«novedwi«a«>. The residue was washed by decantation with ether to give a semi 

15 sdid (216 tag, 100 %); siqg^e spot on tic (w-butandacetic addipyridine^O - 4:1:1:2). 

EXAMPLE PKC21 

Bz-DL-I^COOE^HCL This compound was prq)ared firom fe-DL-LysG^ 
COOEt in 62% yidd by the procedore described in Etan^ VK.C20; one spot on dc, 
m 057 (n-bntandacedc add^viidine%0 « 4:1:12). "Ihe precursor, &-DLpI^nCZ> 
20 COOEt was prqiaredftomB^Ly8(Z)-OH in 100% yidd by the procedure described in 
Example EKCl; powder, one spot on tk; R,* = 0.75 (CHCa3-.MeOH - 9:1); MS, m/e = 
440 (M+). AnaL Cakd. for Cj^OgNj^/S HjO: C, 63.70; H, 633; N, 6.19. Found: Q 
63.49; B, 631; 1^5.91 

EXAMPLE PKC22 

25 B»DI«Aig^OEtHCL This compound was prepared from Bz-DL-Arg(Z)- 

COQEt in 99% yidd by the procedure described in Example IKC20; one spot on tic, 
» 0.71 

(it^mtanobacetic add.-pyridine%0 « 4:1:12), Sakagudu reagent positive. Bz-DL- 
Arg(Z)-COOEt was prq)ared from Bz-DL.Arg(Z)-OH in 19% yidd by the procedure 
30 described in Example PKC20, = 038 (CHOgAIeOH » 9:1); mp 140-142 •Q MS, 
m/e = 468 (M+). And. Cdcd. for C^fyO^^: C, 6133; H, 6XJ2; N, 1L96. Fomid: C, 
6L96;H, 6.48; N, 1234. 
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EXAMPLEFKCZS 

H-Gfy-DL-l98-CX>OEr2HCl This oonqxiimd was prepared from Z-GljF-DL- 
L7B(Z)-OOOEt in 92% yidd by the procedure described in Example FKC20; B/ • 021 
(n-btitanohaoedc acid:pyridineS20 ■ 4:1:1:2). Z<3fy-DLrLy8(Z)-COOEt was prq>ared 
5 from Z-Gfy-Lys(Z)OH in 9% jdeldl^ the procedure described in Exan^ on 
spot on tk; - 0.68 (CHq^tMeOH « 5:1); MS, m/e « S28 QA^-^l). 

EXAMPLE PKC24 

H-Fro-DL-I^s-CXWEtfflCX This oonqponnd was prqiared from Z-PtchOL- 
Lys(Z)*OOOEt in 100% yield by the procedure described in Bsan^Ie EKC20; one spot 
10 on tic (n-butanokaoetic add:pyridine:^0 = 4:1:12). Z*Fjro-DL*Lys(^-OOOEt was 
prq>ared from 

Z-Pro*Lys(Z)"OH in 15% yield by the procedure described in Example PKC20; Rf2 « 
0,73 (OaajiMcOH « 9:1); MS, m/e 568 (M++ 1). 

EXAMPLE FKC25 

15 H-Phe-DL-Lys-COO£r2HCL This compound was prq)ared from Z-Fhe-DL^ 

Lys(Z)-OOOEt in 39% yield by the procedure described in Exan^e FKC20; one ^ot on 
tic (n-butancd:aoetic actdrpyruiineSjO - 4:1:12). Z-Phe-DLpLys(Z)-COOEt was 
prepared from Z-Phe-Lys(Z)-OH as previously desciibed in 9% yield, R^^ » 0.68 
(CHCa3:MeOH « 9:1); MS, m/e « 482 (M+). 

20 EXAMPLE PKC26 

H-Leii-AIa-DL-l9S-CX>OEt2HCL This compound was prqiared from Z-Leu-Ala- 
DL^Lys(Z>COOEt in 52% yidd by the procedure described in Example PKC20; one 
q>ot on tic (n-butanokaoetic acid:pyridineS20 * 4:1:1:2). 

Z-Lea-Ala-DL>Lys(ZXX>OEt was prqiared from Z-Leu-Ah-DL-Iys(Z)-OH in 

25 5% yield by the previous^ described Dakin West reaction, Rf^ » 034 (CHa3:MeOH « 
19:1); MS, m/e » 609 (M^-OCHjCHj). 

EXAMPLE PKC27 
Simple Amino Add, Di- and Tripqitide Enol Esters (General Procedure). A 
modified Dakin-West procedure was used [CSiaries ol,/. Oient Soc Perfdn /, 1139 

30 (1980)] and is iUustrated with the synthesis of Z-Leu-DL-Fhe-EE. To a stirred solution 
of Z-Leu-Phe-OH (6.19 g, 15.0 mmolX 4- dimethylaminopyridine (0.1^ g; 14 mmol) and 
pyridine (4.75 g» 4,8S ml, 60 mmol) in tetrahydrofiiran (45 ml) warmed 50 ""C was added 
ethyl ozalyl chloride (430 ^ 3.52 ml, 3L5 mmol) at a rate sufiBdent to initiate refhudng. 
The mature was then heated at a gratlerefhnfiir 4 h. After cooUng to room 
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temperature the mature was treated wiA water p5 ml) and stirred yigorousty at room 
temp»aturefor30min. He mijcture was esrtracted wWi etlql acetate (150 ml) and after 
separation of tiie organic Jayei; the water layer was aatuiated with solid Qm^}^^ and 
re-extracted 2-time8wifh 25 ml edql acetate. The combined organic phases were washed 
5 24imes with 75 ml water, 24imes with 50 ml of satdNaadecoIoiized with carbon and 
dried over lt^04. Afia en^FBtion of die stdvait, die crude enol ester (836 gi 98%) 
was fladMhromatogrqAed on silica gd and the product was ehited with a AcOEt Ihe 
solvent was es^orated in TOCUO (rotaw^wtator) and die pure end este was <*^^ 
a oil (7.22 ft 85%); sing^ ^ (m ILC; Sf - 084, A; 0.68, C 
IQ 2S-Leu-Nva-EE. This compound was prepared from Z-Leu-Nva- OH using die 

general pitoceAire and purified fay flash diromatogr^hy on silica using 
CBCIjiMeOH » 50:1 v/v as ehient -Weld 95%, single spot on TLQ B, » 0.92, Q 0.28 

Z-LeU'Abu-EK Ibis conqwund was ptepaied from Z-Leu-Abu- OH in 78% 
15 yield die ^eral procedure described above. Purification by flash obramatograplgr on 
silica geL Hnent, CHQjrMeOH = 50:1 v/v, single spot on TLQ Rf » 0,86, A. 

PhCO-Abu-EE. This compound was prqwredfrtMnPhCO-AbttOH in 26% yidd 
by the general procedure as desoibed above. Purification by flash dironiatogrq>lqr on 
silica geL Ehioit CHOj, single q)0t onlLC, Rf » 0.60, M. 
20 (CH3)^(CH^/XMbu-EE. This conqKnmd was pr^ared ftwn 

(CH.^CH(CB^CO-A3aitOH. in 82% yidd by die gmeral procedure as described 
above. Purification by flash diromato^l^ on silica geL Ehient AcOEt, sin^ qiot on 

TLC, Rf - 0.72, C 

(CH/:HfiS^2^^^-^'^ This con^Kiund was prqiared from 
25 (CS^CHiCH^Ca CO-Abu-OH in 100% yield by die general procedure described 

above. Purification fay flash dnamatogrqilqr on silica gd. Ehient AcOEt, smgje qK>t on 
TLC; Rf- 0.78, C; 0.81, K. 

n(CH^^O-Abu-EK Ibis conqwund was prqared from 
Ph(CH2)6CO-Abu-OH in 86% yidd by die gai«al procedure described above. ' 
30 Purification by flash dttomatogt^ly on silica gd BuoitAcOEt Single q)Ot on ILQ 
Rf-0.74,C 

Z-Leu-^-a-Phe-EE. This compound was prqared from Z-Leu- 4-a-Phe-OH in 
69% yidd by the generd procedure described above. Purification fay flash 
chromatography on silica gd Ehient AcOEt, single spot «m TLQ Rf « 0.77, C; 0.78, K 
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Z-Leu'Leu-AbU'EE llsis con^xsund was prepared firozn Z2-Leu* Leu-Abu-OH 
in 62% yield by the genoal procedure described above. Puiincation fay flash 
chroinatogr^)hy on silica geL Hement CHa3:MeOH - 50:1 v/v. Single on ILQ 
« 0.89»A;0.75,M. 

5 Z'LeU'LeU'Phe'EE. Tliis compound was prqiared from Z-Leu- Leu-Fhe-OH in 

60% yield fay die general procedure described above. Purification fay flash 
diromatograpfay on silica geL Ehient CHa3:MeOH • 50:1 v/v. Siii^e spot on TLQ R| 
- 0.80, K; 0.70, M. 

I'NqpSO^-Leu-LaA'Alm'EE. This compound was prepared from 

10 2-NqiS02-Lea-Abu-OH in 73% yield fay the general procedure described above. 

Purification fay fladi clirQniatogr^>fay on silica geL Huent AcOEt, single spot on ILC, 
Rf • 0.71, K; 034, C 

2'NapSO^Leu-LeU'AbU'EE. Iliis con^und was prepared from 
2pNapS02-Leu-Leu-Abu-OH in 74% yield by Ae general procedure described above. 

IS Purification fay flash chromatography on silica geL Ehient AcOEt: AcOH « 200:1 v/v. 
Sin^ ^t on TLQ Rf » 0.69. K 

Z*Lea-Phe-COOEt Sin^Aminoacid, Di<tnd Tr^q^tide' ketoesten (General 
Procedure). To a stirred solution of 833 g (IS.O mmol) of Z-Leu-Phe-EE in 40 ml 
anhydrous ethanol at room temperature was added drppwise a solution of sodium 

20 ethonde (0.204 e 3.0 mmd) in 20.0 inl anl^drous ediand. The color of die reaction 
mixture change from colorless or pall yellow to deq) yellow or orange dq>endent on 
enol-ester. Tbm the reaction mixture was stxned at room tenq>erature for 4-5 hours, 
ethand was then ev^Kirated in vacuo (rotavaporator) and the residue treated with 200 
ml etlQi ether (or 200 ml ethyi acetate in the case of the trq)q>tide). Tbe edier (e^l 

25 acetate) sohition was washed with 2 X 75 ml ^O, 2 z 75 ml satdNaO, deodorized with 
carbon and dried ovct 1^04. Afro: evaporation of sohrent, the crude product 6.09 g 
(89.7%) was flash cfaromatogr^died on silica gel usmg CBCX^. MeOH - 50:1 v/v. 
Evaporation of solvent give pure ZrLeu-Phe-COOEt (4.08 g; 58.0%) as a thick olL 
SinglespotonTLQRf = 0.60,A;0.47,M. Mass spectrum. FB-MS I(M+1)/Z] - 469. 

30 EXAMPLE PKC28 

2-Lea*Nva-COOEt This was prqiared fay the preceding general procedure. 
Purification by flash diromatography on silica gel, duent CHa3: MeOH « 100:1 v/v, 
yield86.6%,thid:,cQloriessQiI,8m^e90tonTLC;Rf B 0.49,A;037,M. Mass 
spectrum FB-MS [(M+1)/Z1 » 421. 



SUBSTITUTE SHEET 



WO9Z/11K0 



PCr/lJS91/09786 



10 



EXAMPLE PKC29 

Z-ha^JdntCOGEL This was prepared by the pr«»ding general proce^ 
Porificatiim ly flaA cfaromatograply OB sflica gd, eluent 

yeBowoa.slii^apotonlLCRf-O^A. Mass specHimi. O-MS [(M+1)/ZI » 407. 

EXAMPLE PKC30 

FhO(KAba4X>OEt Hiis was prepared by the preceding general procedure. 
Pnrificationlyflashclinjmatographyonsito 50:1 j/v, 
yield 83%, oil single on Tlx; R,"0.44»M- Mass spectrum, M/Z 263 (M+); 
a.MS,264((M-(-l)/Z). 

EXAMPLE PKC31 

(CH3)jCH(C^2CO.Abu-COOEt This was prepared by the preceding general 
procedure. Purification by flash chromatography on silica gel. elnent AcOEt. yield 43%. 
oa. single spot on TIjC,K,« 0.56. C Mass spectrum EI-MS M/Z 257 (M+); FB-MS, 

[(M+1)/Z1 = 258. 
^ EXAMFLEFBC32 

CHjCHjODjCHaMta^COOEfc This was prepared by the preceding general 
piixsedure. Purification by flaA chromatogrq>hy on silica gel, etaent CHC%-^^ 
50: 1 v/v, thicli ydkwiA oil yield 66%, sin^e q»t on TLQ R, - 0.80, Q 0.66, M. 

Mass spectrum EI-MS M/Z - 285 (M+); Q-M^ KM+1)/Z1 - 286. 
20 EXAMPLE PKC33 

Ph(CH2)«0(MlnHC00B. This was pr^ared by the preceding genaal 
procedure. Purification by flash chromatogrsphy on silica gel, etoent CHa3:MeOH » 
50:1 v/v, yield 64%. pale yeUow oil, smgle spot on TLQ R, - 0.29. M. Mass specsnm 
EI-MS M/Z - 347 (M+), FB-MS, t(M+l)/Zi - 348. 
25 EXAMPLE PKC34 

Z-Ln-4-Cl-nie-COOEt This was pr^ed by Ae preceding general procedure. 
Purification by flash cbromatography on silica gel eluent AcOEt. yidd 100%. colorless 
oa, angle spot on TLCR, = 0.71. C Mass spectrum FB-MS M/Z = 503(M+). 

EXAMFLEnQC35 

30 z-Leu-LeifcAbu-COOEt This was prepared by the preceding general procedure. 

Purification fay flash diromatograply on silica gel duent CHOs-^feOH - 50:1 v/v, yield 
792%. very thick, ooloiiess oil single spot on TlARf"O^M^ Massspectmm 
FB-MS. [(M+l)/Z] » 520. 
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EXAMPLEFK£3( 

Z-Len-Len-Flie-OOOEt Thb was prqiared by the preceding general procedure. 
Purification by flash cfaromatogrsqpfay on silica gel, eluent CHajtMeOH ^ 50:1 v/v, yield 
33%, oil, single spot on ILC; Rf « 0^, M. Mass ^ectnim, FB-MS, [(M*fl)/Z] « 582. 
5 EmiFLEFKC37 

2-NapS02-Lra-AlNi-CX>OEL lUs was prepared by the preceding general 
procedure. Purification by flash ciuromatograpfay on dlua gel, ehient CHOj^ 
50:1 v/v, yield 38%, thick oil, sing^ spot on TLC; Rf • 0.71, E; 054, A Mass apectrum 
FB-MS, [(M+l)/Z] « 463. 
10 EXAMPLE FKC38 

2*NapS02*Leo-Leu-Abo-COOEt This was prepared by the preceding general 
procedure. Purification by flash chromatography on silica gel, ehient AcOEtiAcOH » 
200:1 v/v, yield 61%, semi-solid, sin^ qpot on TLC, = 0.67, K Mass spectrum 
FB-MS, [(M+l)/Z] » 576. 
15 EXAMPLE PKC39 

Z-Leo-Met-CO^Et This compound was prqjared by the above procedure. 
Ydlow oil, single spot on TLQ » 052 (CHa3:CH3OH»50:l), yield 46% (from 
dipq)tide), MS (FAB) 454 (m-l-1). 

EXAMPLE PKC40 

20 Z-Lai-NLea-COjEt This oonqxiund was prqiared by the above procedure. Pale 

yellow oil, single spot on ILC; Rf » 057 (CHCl3:CB30H > 50:1), yield 53% (from 
dipeptide), MS (FAB) 434 (m+1). 

EXAMPLEPKC41 

SjynAesu cf n-But^ Cka^ Oilmde. Thb was prepared by a literature procedure 
25 [Warren and Malee, /. Ommat 64, 219-222 (1972)]. N-Butanol (0.1 moL 7.41 g) was 
added dropwise to oxalyi chloride (05 moL 635 g) at -10 ""C Afr^ the addition was 
completed, the reaction miscture was stirred for 20 min. at r.t and distilled, giving 15.0 g 
(91.18 moL 91%) of the product n-butyi oxafyi chloride, bp 58-60 ""C (0.6 mm Hg). 
Z-Lra-nie-CO^Bo* This conq>ound was prepared from Z-Leu- Phe-OH and 
30 bu^i oxalyl chloride in 43% yield by the procedure described for the synthesis of 

Z-Leu-Phe-CO^t, escq^t that butyl ozalyi chbride was used in place of ethyl oocafyl 
chloride and sodium butyloodde in butanoi was used for enol ester I^drofysis. Sin^e spot 
on TLC, - 054 (CHa3:CH30H « 50:1) MS(FAB) m/e « 497 (m+ 1), NMR 
(CDQj) ok. 
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EXAMPLE PKC42 
Z-Ln^u-OOjBo. llus oon^iind was prq:2xed I7 &e above proo^^ 
SiD^spot nTLQ Bf = 0^ (CHq3:CS30H » 50:1% yield » 36%, pale yellow oil, 
MS (EAB) m/e 435 (Mi^l% ^HNMR (CDC%) ok. 
5 EXAMFE£FBaC«3 

i^jmAestf ofBerv^l Oxafyl Chloride. Beiuyl aloohd (0.15 moL 16 g) was added 
dtopwtetoozal^cii]oride(0J5]iioL95g^ After the addition was complete^ 

the xeaction was stirred for 20 min. at r.t The excess oxaljd chloride was distilled and 
recyded. Thai the siixture was distilled imder vacuo, giving 26 g (0.^ 
10 beo^lozal^cfalaride^l^ 110-112 ""CCadmm-Hg). H^l^MR (CDOs) 739 (s, 5IQ, 533 

Z-Lea-nie-C02BzL Ihis compound was prqiared from Z-Leu- Fhe-OH and 
benzyl oxafyl chloride in 17% yield by the procedure described in the synthesis of 
Z-Ijea-Fhe-(X)2Et, except that benzyl coafyi diloride was used in place of etlgrl oxafyl 
15 chloride and sodium b^ri^oxide in b^s^l alcohd was used for end ester Iqrdrofysis. 

Sin^espotonTLQRf « 0.63 {CRCXyCELpU « 50:1). Pale yellow sdid, nq) 117-119 
•C MS(FAB) m/e = 532 (m+1). H^NMR ot 

EXAMPLE PKC44 
Z-Leu>Abu-C(^BzL This compound was prepared by the above procedure. 
20 SingleflpotonTIXXRf» 031 (GHOgrC^OHB 50:1), pale ydlow oil 
«469(m+l),yidd-26%. 

EXAMPLE PKC45 

Z-LrapPhe-COOH.D4i^deKetoacids (General Procedure). To a stirred 
solution of 0 J3g (1,13 mmol) 2S-Leu-Hie<X)0Et in 6.0 ml methanol was added L27 ml 

25 {121 mmol) IM NaOEL The color of the reaction mixture turned darkydlow and a 
Btnan amount of solid was dq>osited. The reaction was run at room temperature and 
progress of the hydrofysis was diecked on TLC After 24 L no more substrate was 
detected. The reaction mixture was dulled in one ice badi at 5 *C, acidified with IM 
HatopH = 3andextractedwithAcOa(2x50mL). The organic extract were 

30 washed with 2 x 50 ml and if necessary, decolorized with carbon and dried over 
1^04. After evqioration di the sohrent (rotavaporatorX the residue (thick oil) were 
titnratedwitfa2x25mln*hexaneanddriedinvacuo. Yield 039 g (78%) of colodess, 
v^diickQiL TLQmainspotatRfS 024, trace of inqnirily at Sf" 0.78, L Mass 
spectrum, FB-MS [(M-i-l)/Z] « 44L 
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EXAMFLEFKC46 
Z-LoKAim-COOH. This omipoimd was prepared from 2^I^Leu* 
83% yidd fay the general procedure as described above; TLC; main spot al » 0.14, 
trace of impuriQr at « 0.73, L Mass flpectrum, FB-MS [(M-fl)/23 » 379. 
5 EXAMPLE FKC47 

Z-Lea-Phe-CONH-Et ToastiETedsQhitionafZ-Leu-Phe-OH(20g,48J 
mmde), 4Klimetl9]ammqiyridine (0 JB7 g, 4.8 mmcdeXand pyridine (15.7 ml, 194 
mmole) in anbydrous THE (100 mi) ^vas added etlqd oxa^ cfaloride (11.4 ml, 101.8 
mniole) at a rate sufficient to initiate leflndng. The miztnre was geot^ refimed for 4 
10 hours, cooled to room temperature, and water (80 ml) was added. Ihe reaction mixture 
was stirred vigon3usly for 30 min, and extracted with ethyl acetate The 
combined organic layers were washed with water (2 x 100 ml), saturated sodatm chloride 
(2 X 100 ml), decolorized with decolorizing carbon, dried over magnesium sulfate, and 
concentrated, leaving a dark orange oiL Chromatography on a silica gel column with 
15 CHa3/CH30H (50:1 v/v) afforded 14.63 g 0^ ■ 53 %) of ZrLeu.phe-aiolestcr. The 
product was a yellow oil Single ^t on TLC, » 0.77 (CHCL3/CH3OH 50:1). NMR 
(CDQ^ oL 

To a stirred pale yellow solution of the Z-Leu-Phe-enolester (14.63 g, 25.73 
mmde) in anhydrous ethand (50 ml) was added a solution of sodium ethoxide (0.177 g, 

20 2.6 mmcde) in ethanol (5 ml). The orange solution was stirred for 3 hours at room 
tenq>mture, tiien the ethanol was evqiorated and the residue was treated with etfagd 
ether (300 ml). The ether layer was washed with water (2 x 100 ml), saturated sodium 
ddoride (2x 100 ml), dried over magneshmi sulfate, and oonoentrated, leaving a orange 
oiL Chromatognf>by on a ailica gel column with CHC13/CH30H (50:1 v/v) afforded 

25 7.76g^ « 64 %) of the a-ketoesterZ-Leu-Hie-OOOEt The product was a yellow oil 
Sin^e ^ot on TLC; Rf 0.44 (CHa3/CH30H 50:1). NMR (CDO^ ok. MS (FAB, 
cated. for C26H32N2O5: 468.6), m/c « 469 (M+ 1). 

The a-caibonyi group of Z-Leu-Phe-COOEt was protected fay following 
procedure. A sohition of Z-Lcu-Fhe-OCX>Et (1 g, 2.13 mmole) in 5 ml of CH2C32was 

30 added 1,2-ethanedithiol (0.214 ml, 255 mmole), followed fay 0.5 ml of boron trifiuoride 
etherate. The solution was stirred ovemi^t at room tenqierature. Water (20 ml) and 
ethyl ether (20 ml) were added. Ihe organic layer was sq}arated, washed with water (2 x 
10 ml), saturated sodhim ddoride (2 x 10 ml), dried over magnesium sulfate, and 
evaporated to afford 0.98 g (y « 84 %) yellow semisolid. 
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The protected a-I»toester (0.98 g, L8 mmole) was dissolved in etfaanol (5 ml), 
cooled to 0-5 * C in a ice bath, and ethylamine ivas bubbled thioa|^ the sobition until 
2.43 g (54 mmole) had beoi added. The reaction miitiire was allewed to warn to room 
tem^tefatDredowfy, and stirred ovemig^ Ibemiitiire was filtered, a white precipitate 
5 was removed, leaving a yellcnr semisolid Cliromatqgr^phy on a silica gd column with 
CHCVCH3OH (30:1 v/v) afEord 063 g Or - W «) of Z-Lett-Phe^XiNH-Et The 
product was a pale ydlowsolil Siqgle spot on HA Bf » 0.60 (CHq^C^OH20:l); 
mp 145-147 "C AnaL calcd. fcr C^fi^^s: ^ ^"^^ ^ "^'^ 
C €659; H. 7.09; N; 8.95. NMR (CDCaj) dc. MS (FAB) m/e » 468 (M+1). 
10 EXAMFLEVKC48 

Z>I«ii*nie<X>NH4iPr. This conqxnmd was synthesized firom the protected a- 
ketoester and prop^amine in 92 % yield by the procedure described in Esamide PKC47. 
Single spot on TLC, Rf = 0.50 (CBCyCSpB. 50:1); mp 152-153 'C. AnaL calcd. for 
C27H3SN3O5: 48L57; C, 6733; H, 733; N. 8.7L Found: Q 67.21; H, 738; N, 8.64. NMR 
15 (CDOj) ok. MS (FAB) m/e = 482 (M+ 1). 

EXAMFI£PKC49 

Z-Lai-Phe-CONH-iAii. This compound was synthesized ficom the protected c- 
Iffitoesta and buQrlamine in 67 % yield by die procedure described in Boxqde PKC47. 
Single spot on TLC, Rf - 050.(CaCVCH3OH 50:1); mp 152-153 'C AnaL calod. tot 
20 Cji^s^iOs- 495.59; C, 67.85; H; 7J2; N, &48. Found: C, 67.70; H, 7SI; N. 843. NMR 
(CDCyok. MS (FAB) m/e = 496 (M+1). 

EXAMPLE FECSO 

Z-LahPhe-CONH-IBii. This confound was synAesized from the protected s- 
k^oester and isdbuQlamine in 53 % yidd fay die procedure described in Enmple 
25 PKC47. Single spot on TIA R, = 054 (CHCVCHsOH 50:1); mp 152 AnaL 

cakd. for C^fiy^Ps' 49539; C, fflJiS; H, 7S2; N, 8.48. Found: C. 67.77; H, 7.56; N, 
8.40. NMR (CDOj) dc. MS (FAB) m/e = 496 (M+1). 

EXAMPLE PKC51 

Z-Leo-Flie-CONH-BzL This compomid was qmthesized from the protected a- 
30 ketoester and beoz^amine in 40 %yieUl by die procedure described in Example PKC47. 
After reacting ovemi^t, ethyl acetate (60 mQ was added. Tlie mixture was filtered to 
ranoveapdiiteprec^itate. The sohition was washed with cooled IN HQ (3x25 ml), 
water (Ix 20 mQ, saturated sodium cfatoride (2x20 mix and dried over m a gn esiu m 
sul&te. Tliesoluti0n was evqKjrated leaving a ydtowsdid. Oiromatogrqifay on a silica 
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gel cQhnnn with CBO^CHpR 30:1 v/v) afEorded a yellow solid. Single spot on TLQ 
F, « 0.45 (CHCVCHjOH 30:1); mp 160-162 'C AnaL calcd for C31H35N3O5: 529.61; 
C, 7030; H, 6.66; N, 7.93. Fomd- Q 70.18; H, 6.67; N, 7.99. NMR (CDC^ ok. MS 
(EAB)m/e -S30(M-i-l). 
5 EX4MFLEFKCS2 

Z>Lea-Plie-CX>NH-(CB|)2n. TluB compound was aynthesBcd from the 
protected a^ulDesta and pheoedi^lamine in 50 % yidd liy 

Example FKCSt Single spot on TLC; - 030 (CBq^/C^OH 30:1); mp 151-153 «C 
AnaL calod. for Cg^g^Of 543.66; C, 70.70; H, &86; N. 7.73. Found: Q 7034; H, 

10 6.88; N. 7.74. NMR (CDOj) ok. MS (FAB) in/e » 544 (M-l- 1). 

EX4MFI£PBX33 
Z-Len-Abo-CONH-Et This compound was synthesized from protected «- 
ketoesto- derived from Z-Leu-Abu-COjEt and etl^lamine in 64 % yield by the 
procedure described in Example FKC47. Singjte ^t on TLQ « 036 

15 (CacyCHsOH 50;1); mp 130-132 AnaL calcd. for CyHjiN^Oj: 405.45; Q 62.20; 
H, 7.71; N, 1036. Found: Q 61.92; B. 7.62; N, 103L NMR (CDCy ok. MS (FAB) 
m/e - 406 (M+l). 

EXAMPLE FKCSt 

Z-Leii'Abii-CX>NH«Fr. This compound was syntheafaed from the correyonding 
20 protected a-ketoester and prap^amine in 47% yield by Uie procedure described in 

Example FKC47. Shigle spot on ILC; Rf - 028 (CHC33/CH3OH 50:1); mp 134-135 *C 
AnaL calcd fr>r C^^N^Oj: 41930; Q 62J8; B. 7.93; N, 10.02. Found: C, 62.84; H. 
7.97; N, 9.94. NMR (CDO,) ok. MS (FAB) m/e - 420 (M-l- 1). 

ESAMFLEFKC55 

25 Z-Leo-Abu-CONH-nBo. Ibis conqmund was ^thesized from the corresponding 

protected a-ketoester and buiylamine in 42 % yidd fay die procedure described in 
Example FKC47. Single spat on ILQ Rf » 034 (CHOj/CHjOH 50:1); mp 135-136 "C 
AnaL calcd. fr>r C23H35N3O5: 43333; C, 63.71; H. 8.13; N, 9.69. Found: Q 63.48; H. 
8.07; N. 9.67. NMR (CDC^) ok. MS (FAB) m/e - 434 (M-i-1). 

30 EXAMPLEFKC56 

3S-Lai-Abu-CONH-iBn. This con^und was ^thesized from the corresponding 
protected a-ketoester and isobuiyiamine in 65 % yidd by the procedure described in 
Example FKC47. Single spat on TLQ R, - 025 (CHCVCH3OH 50:1); mp 133-135 *C 
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AnaL calcd for Cs^aOj: 433.52; C 63.72; H. 8.14; N. 9.69. Found: C, 63^; H. 
8.10; N, 9£0. NMR (CDC%) ok. MS (FAB) m/e - 434 (M+ 1). 

EXAMPLE PKC57 

XrJjeaJiba-OOSBML Thaoonvoiindirosqntliesized from die oaneqioiidnig 
5 protected a-tetoester and benzylamine in 29% yield ly the 

EnnipIeEKCSL Sin^ spot on IIA R, - 0J6(CHCIj/C^OH 30:1); inp 140-141 -C 
AnaL calod. for Cj^aNjO,: 46754; C, 66.79; H. 7.11; N, 8J9. Found: Q 66^; H, 
7.07; N, SSi. NMR (CDC^ ok. MS ^AB) m/e - 468 (M+1). 

EXAMPLE PKC58 

10 z-Lei»Abn-00NH-(CB|)2'^ This compound was qmthesized from the 

Goireqiondiiig protected «.ketoester and phenethyiamine in 51 % yield by the procedure 
described in Bomple PKC5L Single spot on TLQ Rf - 0.44 (GHQa/CHaOH 30:1); mp 
156-157 •C AnaL calcd. for C^i^zOsi 48L59; C, 6734; H, 733; N. 8.7Z Found: Q 
6738; H, 733; N. 8.78. NMR iCDO^) ok. MS (FAB) m/e » 482 (M+1). 

j5 EXAMPLE PKC59 

Z.LeB-Abn-CONH.(CHy3-N(CH2CI^jO. This conqjound was qmfliesized from 
protected o-ketoester and 4(3-anwwpropyl)mDrpholinB in 33 % yieW by the procedure 
described in E3BunpIePKC47. After reacting overnight, ethyl acetate (80 ml) was added. 
Ihe mixture was fflteted to remow a white precipitate. The adntion was washed with 

20 water(3x20mlX6atutatedsodinmcUoride(2x20m0.and*iedo^»We^ 
sulfiite. The SQliition was evaporated tearing a ydlDwoiL ClromatogtaplV on a silica 
gd OQbmm wifli CSaj/CH^OH (10:1 vfv) afforded a ydlow semisolid, wUdi was 
recrystallized from edt^acetate/heme to obtain a pale yellow solid. Singlespoton 
ILQ R, - 0.42 (CaCVCHaOH 10:1); mp 125-126 'C AnaL calcd. for Cj^^^aOs- 

25 504.63; C, 61.88; H. 7.99; N, ILIO. Found: C, 61.69; H, 7.95; N, 1L07. NMR (CDQ^) 
ok. MS (FAB) m/e = 505 (M+1). 

EXAMPLE PKC60 
Z-Lea-Abn-CONH-(CH2)7CB3. This conqiound was synthesized from the 
ccHtesponding protected a-ketoester and octylamine in 67 % yield by the procedure 
30 described in Example EKC5L It was white solid. Single spot on TLC, Rf » 055 

(Caa3/CH3OH30:l); mp 134-135 'C AnaL calcd. for Cj^l^Ps: 489.66; C. 66.23; 
H. 8.85; N, 858. Foun± C, 66.19; H, 8.81; N, 8.6L NMR (CaX%) ok. MS (FAB) m/e 
« 490 (M+1). 
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EXAMFLEFK061 
Z>Lb»i41n»<X>NH-(CS^2^H. This conqxamci was synthesized from the 
cotreqpondiQg protected g-ketoester and ethmotomme in 29 % yield by flie procedure 
described in Ecan^FBCS9. The product was a irtutestidgrwlid. Sin^q)oton 
5 TLQ Bf - 042 (GHO^/CHjOH 10:1); mp 151-153 'C Anal: caicd. iat CjiHsi^Oe: 
421.49; C, 59.84; H, 7.41; H 9.97. Found: C, 59.11; H, 7.44; N, 9.81. NMR (CDO^ ok. 
MS (PAB) m/e « 422 (M-t-1). 

EXAMPLE PKC£2 

Z>LeihAbiiCONH-(CX^O(CI^2^H. lUs coiiq>ound was synthesized from the 
10 correq>onding protected a-ketoester and 2-(2-aminoethoxy)ethanQl in 34 % yidd by the 
procedure described in Example FKC59. The product was white stidgr solid. Single spot 
on TLC Rf - 0.42 (CHaj/CHjOH 10:1); mp 103-105 "C. AnaL: calcd. for 
C2JH35N3O7: 46535; C. 5934; H, 7.58; N. 9.03. Found: C, 59.23; H, 7J8; N. 9.01. NMR 
(CDCI3) oL MS (FAii) m/e - 466 (M+1). 
15 EXAMPLE FKC63 

Z-Len-Abu-CONH-CCH^ITCH}. This compound was synthesized from the 
corre^onding protected a-ketoester and octadecyiamine in 12 % yield by the procedure 
described in Eian^le FKCSL The product was a pale yellow solid. Sinj^ q>ot on TLQ 
Rf « 034 (GHaj/GHjOH 30:1); mp 134-136 *C Anal: calod. for C^jBg^Osi 629.92; 
20 C, 7035; H, 10.08; N, 6.67. Found: C, 70.71; H, 10.14; N, 6.75. NMR (CDOj) dc. MS 
(FAB) m/e - 6302 (M+l). 

EXAMPLE PKC64 

Z-LeihAbii<X>NH-qa|-CfB^(Oaa^ This oonqpound was qnthesized from th 
cerr e q w nding protected a-tetoester and 33Hiimethcacybem^amine in 45 % yidd by die 
25 procedure described in Example FKC51. The {ffoduct was yellow stid^ solid. Single 
spot on TLC, Rf » 0.44 (CHQa/CHjOH 30:1); mp 153-155 'C AnaL: calcd. for 
C28H37N3O7: 527.62; C, 63.74; H, 7.07; N, 7.96. Found: C, 63.66; H, 7.09; N, 7.92. NMR 
(CDO^ ok. MS (FAB) m/e » 528.8 (M+1). 

EXAMPLE PKC65 

30 Z>Le»-Aba-CONH-C^-C4H4N. This compound was syndiesized from the 

corresponding protected a-ketoester and 4-(aminometl^)pyiidine in 45 % yield by the 
procedure described in Example FKC59. The product was greenidi ydlow solid. Sing^ 
spot on TLC Rf - 055 (CHCVCH3OH 10:1); mp 124-126 *C Anak calcd. for 
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NMR (CDCI3) ok. MS (FAB) m/e -469 (M+1). 
D. TT^TlxmRTONE PEPTIDBS 

Halomethyl ketone peptides are iircveisihle inhflatots for seriae proteases and 
(ysteine proteases. Ihisdassof coaqwmds includes peptides having a variely of 
halomethyl gronps at their C-tenninus. These haloniethyl groups indnde -CEjX, -CHJCi 
and CX3, where X represents any hatogen. A nmnber of anah^ compounds have 
be«i ^nthesized, including the ammo*ato ketones and the diazoJcetone pqi^^ 

Although these analogous compounds are diemicalty dis t inguishahl e , aU of these 
haIok«tonecon5)ounds are bdierod to have a aimilar mechanism of action^ Aocordinrtr, 

for simpBciiy, att of the f6re«crfng compounds ^ be tefio^ 

the "Halo-Ketone Fq>tides.* 

Ihe reactivity of hatoketones has gmerally been ftwmd to be in the order I > Br 

>a>F. However, incteasmg the reactinly of the haloketpne in this way can lead to 
15 aooeteation of competing aide effects. Thus, it is preferable to increase the reacthdty of 
the halometl^l ketone p^des by ahering the peptide structure. 

In selecting a proper inhibitor for Calpain, the same basic peptide structure 
sdectiontedmiquesasusedforthePq»tideKeto-Compoundscanbeused. Oncea 

pqitide structure has been identified, the most effective C-tenninus grouping can be 
20 empirical]^ deteiminedthrou^ kinetic inhiWtien studies of each of the compou^ 

(Tnlpain. 

MaiqroftiieHalo-KetonePqitidesareavaflahlecommacialty. Foremn^ 
Leu-CHja Phe^S^a 2rlys<SJ3, TosytLysCHia (UXX), TosgVPbeCB^ 
(TPCK), Z-Gly-Leu-Phe-CHjC]. Z-Phe-Ala-CB^ a-Phe-Phe^O, D-Phe-Pro-Aig- 
CHja MeoSucPhe^Sfy^ty-Ala-CHja MeoSHO-Ala-Ala-Pro-Ak-CHaa MeoSuc-Ah- 
Ala-Pro-ValOja AUnAh-Pn^-VaKHja Ah-Ala-Phe^O, Suo-Ala-Ala-Pto-Phe- 
CHja and D-Val-Leo-I^^C^a are all available from suppliers such as Eoqme 
Systems Products of Iivetmoie,Califtiinia. From the same suppliers, the following 
diazomefbyl ketone peptides are arailaUe: Leo<3D^ Z-Phe-Phe-CHNj. Z-Phe-AIa- 
CHN2. Z-Phe-Pro-Cm^ Z-Lys-CHI^ and Gfy-Phe-GHNj. In addition, the production 
of s^mino fluoro ketone peptides has been described in United States Patent 
Na 4,518,a» to David W. Raaiidc, the disdosure of which is haeiy incorporated by 

diis reference. 
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The preparation of vanousHalo-Keton TVptldgg k rewgwed in Methods in 
EnzvmolQgy. 46:197-208 (1977), the disclosure of ^vfaich is hereby incorporated fay 
reference. Brie^.halomethjA ketone derivatives of blocked 
prq>ared by the reaction of nuneial acids Qq^drohalic) ^rift 
5 diazometl^l ketone. Ibdometfaj/iketonesareprqiaredby reaction of a halo-ketone with 
^ Nal, since reaction with HI with a diazometlgd ketone yidds the metty^ A 

number of different blocking groups can be used, induding ba^GOQ^carbonyl (Z) and t- 
buQiooc^carbonyl (Boc). The dia2omedq4 ketone is prq>ared by reaction of 
diazomethane with the sqppropriate add activated by means of dicTdohe^dcaibodiimide 
10 (DOCO, by the momi anhydride method. 

UnUodced amino add cfalorometlq/i ketones can be prq)ared by reaction of 
benzyloxycarfaon^blodced derivatives with HBr or HOMtrifhioroace or by 

l^drogenation. 

Synthesis of pq>tide cfaloromedqd ketones can be accomplished simply by 
IS coupling an appropriate pqitide or amino add with an unblocked amino add 

chloromethyl ketone. A few dq>q)tides can be converted directly to the diloromethyi 
ketone using the mixed anhydride and CH^2 ^ oQ^ywed by HCL 

Various ^theticproblons are encountered in the prqiaration of cfalorometfagd 
tetone derivatives of basic amino adds. The dde diain usualty must be Uocted during 
20 synthesis^ and are oftra encountered during removal of the bloddng groiq>. 

Use of trifhioroacetic add or HF was eventual^ found to ghre a good conversion to 
product 

A number of examples of the prqiaration of Halo-Ketone Peptides have been 
rqiortedin the literature, induding a oonqirdienshfe review of over 100 amino add 
25 dOTvatives and qyproodmatl^ 60 peptide dmvatives listed in J.C Pow^ in 'Chemistry 
and Biochemistry of Amino Adds» Pq>tides and Proteins,* VoL 4» Deldcer, New York 
(1977), the disdosure of ^rfiidi is herdsy incorporated by reference. Those of skill in the 
art will recognize how to locate a multitude of e9canq>les of the production of the Halo- 
* Ketone Peptides. Accordingly, no additional examples are provided herein. 

30 E. mVITRQUSES 

« In addition to the foregoing dasses of compounds now discovered to possess 

Ca^ain inhibitory activity, we believe that a large number of other such compounds 
exist. Inviewof the large number of inhibitors of Cai^ain of different dasses we 
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disclose hereui» all of the knows, newljr discovered and yet undisoov^ed inhibitors of 
Cal^ain shall be refeired to hereinafter collectively using die term "Ca^iain Inhibitor." 

The Ca^)ain Inhibitors be used iiLliQs for a van^ inhibit 
unwanted Calpain activity. For example, die Cal|>ain Lihibitors may be used iiLX^ 
5 prevent proteofysis that occurs in the process of production, isolation, purificationi 
storage or tranq>ort of pqitides and proteins. 

The Ca^ain Lihibitors described herein can also be used in vitro to prevent 
fiirtfa^ degradation of tissue sanipl^ from oocniring after preparation of the samples. 
This in vitro prevention €i degradation can be especially useful in the preparation of 

10 assays for neurodegenmtion wherein the assay conqinses a test for die products of 
Ca^ain activity in die tissues, such as assays for farealoiown products (BDPs) of 
cytoskeletaloon^onents such as spectrin, NiAF2yactin binding protem and tau. P. 
Seubert et aL in Neurosdence. 31:195 (1989), die disclosure of which is hereby 
incorporated fay reference, disdose an aempiaiy method of quantitadng the amount of 

15 spectrin BDF's as an indication of Ca^ain activiQr. 

The f^ipatw Tnlilbltor s of this invention are also useful in a varie^ of other 
experimental procedures where proteo^^ due to Calpaias is a significant problem. For 
example, inclusion of the Ca^ain Inhibitors in radioimmunoassay eqiraments can result 
in hi^er SCTsitivity. The use of the Ca^ain Inhibitors in plasma fractionation 

20 procedures can result in hi^er yields of valuable plasma proteins and can make 

purification of die proteins easi^. The CaJ^ain Inhibitors disclosed here can be used in 
cloning eiqieriments utilizing recombinant or transfected bacterial or eukaryotic cell 
cultures in order to increase yield of purified recombinant product 

To use the Ca^ain Inhibitors in vitro, the Ca^ain Inhibitors are dissohred in an 

25 organic add, such as dimeti^uifoxide ^MSO) or ethamd, and are added to an 

aqueous goiwriftn containing the protease vAich is to be inhibited, such that the final 
concentration of organic sdvait is 25% or less. The Galium Lihibitors may also be 
added as solids or in suspension. 
F. TREATMENT OF NEURODEGENERATION 

30 Wf> bflw. rfiiBWfipyri»ri that thft Olpntn Tnhthttri rs are uagfiil in VIVO tO treat 

pathologies in vAicfa essess proteofysis by Ca^iains is invobe^ Sudi pathologies are 
believed to include neuropathologies sudi as neurodegmeration resulting from 
exdtotoddly, HlV-ioduoed neuropathy, isdiemia, denervation, injury, subarachnoid 
hemorrhage, stroke, multqile in&rcdon dementia, Alzheimer's Disease (AD), 
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Huntington's Disease, surgoy-related brain damage, Faridnson's Disease, and other 
pathological conditions. 

In order to identify Captain Inhibitors that are nseM in Ae practice of the 

5 present invoition for treatmrat or ftiin'Mri«n of neurodegmerative conditions and 
diseases, it is inqxxrtant to identify those inhibitors posessing significant Ca^ain 
inhibitory activi^. & is also inqKxrtant to idmtify those Cal^min Inhibitors 
degree of q)ecificij9 for inhibition of Ca^iain, in order to avoid interference with other 
hidogicd processes ^en the Ca^iain Inhibitor is introduced 

10 treatment for neurodegmeiation. Because aE thiol proteases are believed to exert their 
effect dirou^ a "jmanr mechanism of action, our primary concern was to identify those 
Ca^iain Inhibitors having substantial inhibitory acthd^ against Ca^ain, but relativefy 
weak or no activity agamst odier thiol proteases. According, in order to identify such 
Ca^)ain Inhibitors, we tested a variety of Ca^)ain Inhibitors for their ability to inhibit 

15 ca^ains I and II, and compared this dau with the ability of the same Ca^ain Inhibitors 
to inhibit Cathq)sin B, anothCT thiol protease. Those Ca^>ain Inhibitors with hi^ in 
vitro inhibitory activity against Ca^ain and a rdativeiy lower activity against Cathq>sin B 
are bdieved to be most useful for ia^C&thoapy. Exanq)les lA throu^ IC show the 
results of these studies for a variety of Ca^ain Inhibitors. 

20 EXAMPLE lA 

ynhibition bv Siih<rtituted Heterocyclic Compounds 
Tbe isocoumarins are irreversible inhibitors of Calpain. We obtained IC50 values 
for a variety of these Ca^ain Inhibitors as a kinetic anafysis of these compounds. 
Purified Cdpains can be assayed usuig die fluorogenic substrate sucdnyMeudne^ 

25 tyrosine-methylaminocoumarin (avaOaUe oommerdalfy) or by measuring the release of 
acid-sohibte peptides from casdn because we have found that the isocoumarins inhibit 
casein proteofysis by Calpain. 

Ca^iains I and n were purified fay the method of (Yoshimura, et aL 1983). 
(Kitahara 1984) provides an alternative purification schraie. Ca^iain n may alternatively 

30 be purchased from Sigma Cheniical Co. as "Cadum Activated Neutral I^^ In this 
assay, purified Ca^)ain was incubated with ^^C-methylatcd casein in the presence of 
various Heterocyclic Conq>ounds and the amount of add-sohdde radioactivity rdeased by 
the action of Cai^ain was measured The IC50 vahies woe determined as the 
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concentration of Heterocyclic Confound conqtomd at vHacb. 50% of the Ca^ain activiQr 
was inhibbed TafatelA shows IC^g values for various IsocouinannCon^oiii^ 
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TABLE lA 

INmBmON OF CALPAINS BY SUBSTITUTED ISOCODMARINS 

issfjm — 



CnhMin T ^-i lpnin IT 

5 CTTPrOIC 100 70 

NB^-CnFK)IC (ACmC) 10 120 

FhCH^OONH-aTPrOIC 80 30 

CH3CX)NH<aTPrOIC 700 80 

L-Phe-NH-aTPrOIC 30 

10 BOC-L-Phe*NH-CiTPrOIC no inhibition >200 

PliCH2NHCONH-aiEtOIC 90 

PhCST^CONH-CriEtOIC 30 



D-Phe-MH-QTEtOIC 200 



15 Thm, it can be seen from Table lA that a variety of the Isocoumarin 

Compounds have significant Ca^ain inhifaitoty activity at low concentrations. 

EXAMPLE 1B(I) 
Protease Inhibition by Peptide Keto^mpomds 
Ihe Peptide Keto-Compounds are reversiUe inhibitors of Ca^ains and other 
20 thid proteases. The values for the inhibition of cal^ain I, ca^ainU and Cathq)s^ 
were determined for several Pq>tide Keto-ConqK)unds, Inhibition of ca^ain I from 
human erythrocytes and ca^)ain n from rabbit muscle were assi^ed using 
Suc*Leu-Tyr-amidomethylcoumarin as substrate in an assay buffer of 2QmM WT?pe s 
pHe72, lOmM CaCl2, IQmM fi-mercaptoethanoL Cathqpsin B from bovine sgieen was 
25 assayed using Z»Lys-4-nitrophaiy]pho9hate as substrate. 

Table 16(i) shows the results of the studies of Example 16(i). The Ki value for 
the inhi b i t i o n of Calpains and cathq)sm B by several Pq)tide Keto-Compounds are 
shown in |iM (micromolar). The values for leupq>tin, wtdA is commercial^ available 
frt>m Calbiocfaem of La JoUa, California, are shown for comparison. 
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TUde IB(i) 

Ki VALDES FOR PEPUDE KETO-COMPOUNDS 
T«i.{himr Calpaml Calpainn CathqwinB 



5 



Leupqidn 


032 


0.43 


6 


Zr/da.'Al&'Ala.-CXi^e 


200 




IS 


2>Ala-Ala-Abu-CX}^ 


50 


200 


OS 


Z-Leu-Fhe<X>^ 


023 


0.4 


>50 


2^Lea-Nl0-OO^t 


ai2 


0.18 


18 


Z>Leii-AbD-CX>^t 


0.04 


0.4 


14 


Z-Leu-Nva-COOEt 




12 


30 



» can be seen ftom the lesnlts in TaUe IB® that the Pqitide Keto-Compoonds 



inhibit CUpain with EvahiesamllarOT superior to JnpattiaOar.Zl^Fht^ 
OO^ W^Me^X)^ and Z-Leo-AbitCXyEt were found to possess greater Calpain 
inhihtaMyactirfiythanleupqrtin. In addition, these particular compounds were highty 
q)ed& to Ca^iain, with tower inhiWloiy actrrfty toward Cathq»sm 

EXAMPLE lB(iO 
^tTr Ttt'"'>^"" ftfPmtidft Keto-CoroOQUPdi? 
We tested the abiBty of an additional groiq> of Pq>tide Keto-Conq»ounds to 
inhiljit several proteases in order to erahate their specificity for Calpain. Theresuhsof 

dtese studies are shown in Table lB(iQ. 
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TablelB(ii). lohibitioD of Ca^iaia I. Ca^iain n, C^qtsin 6, FP El^^ 



1 Inhibitor 


K,(|iM) 




Cal^ainl 


Calpainll 


CatfaB 


Cfaiyin 


elBSta 
Be 


papain 


Z^Ldi-Abu-COOEt 


43 


0.4 


30 


>100 


>100 


220 


Z-LeurAba-CX30nBu 


L8 




4 


>100 


25 


10 


Z>Leii-Abu-CCX)Bz 


93 


0.47 


4 


40 


>100 


40 


Z-Leu-Leu-Abu-COOEt 


t8 


2.6 


22 


>100 


25 




^N8|)S02•Leu-Leu-Abu•COOEt 


16 


U 


25 


35 


47 




2-I'Q^CO-Leu-Leu-Abu-CX}OEt 




0.09 




>300 


28 




Tos-Leu-Leu-Abu-COOEt 


33 




69 


25 


28 




Ffa-(CH3)2<X)-Leu-Abu-COOEt 














Z-Leu-Abu-COOH 


0.075 


om, 


L5 


>150 


>150 




Z-Leu-Abu-CONHEt 


05 


022 


2.4 


>150 


65 




Z-mi-Abu-CONHnPr 




025 


8 


>300 


2 




Z-Leu-Abu-CONHhBu 


02 




13 


>300 


5 




Z-Leu-Abu-CONI£Bu 




0.14 


4 


>300 


40 




Z-Leu-Abu-CONHBz 




035 


2 


>300 






Z-Leu-Abu.CONH-(CH2)2-Ph 




0.022 










Z-im-Abu-CX>NH-(aE^-^pl 




0.041 










Z-Leu-Abu-CX>NH-(CB^)7CH3 




0.019 










1 Z'Leu-Abu-CONH-(CH2)20H 




0.078 
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Inhibitor 










Calpainl 


f^lpafai IT 


CatbB 




ebsta 


papain 


Z-Leu-Abu-CONH- 
(CH2)20(CH2)20H 


0.16 












ZrLeu-PIie-CXDOEt 


L8 


0.4 


340 


O.U2j 


>100 


75 


ZpLett-Ph&CCX>nBu 


5.0 


U 


15 


0.15 


MOO 


15 


ZrLdt-Fh&<X>OBz 


3.4 


L6 


45 


1.6 


>100 




Z-LeupLeu-PIie-CX>OEt 


U 


t9 


42 


026 


>100 


15 


ZrLeu-PIie^OH 


0.0085 


0.0057 


45 


76 


>150 




ZrLeu-PIie-CONHEt 


7.0 


032 


6 


73 


>150 




Z-Leu-Phe-CONHnPr 


15.0 


OM 


3 


18 


>300 




Z-I]fli*Phe-CON]^tt 




0.028 


3 


8 


>100 




ZpLeu-Phe-CONHiBu 




0.065 


4 


24 






2:-Leu-Fbe-CONHBz 




0.046 










Z-Leu-Phe-00NH(CH2)^ 




0X124 




(?) 






Z-Leu-Me-COOEt 




0.18 


20 




12 


190 1 


1 Z-Dfii-Nva-COOEt 


U 


12 


25 


160 


23 


150 1 


I Z-Leu-Met-COOEt 


LO 


L5 


55 


L75 


>100 


140 1 


1 Z-Leu-4-a-Phe-COOEt 


<4.0 


0.4 


50 


0.9 


>100 


150 1 
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Tahle lB(u) shows the inhibition constants (Kj) for catfaepsin B, ca^ain I» and 
ca^ain n with pq}tide ketoamides. Dqiqitide Ketoamides with Abu and Phe in Uie 
site and Leu in the P2 site are potent inhibitors of ca^iain I and ca^iain IL Z*Leu- 
Abu^MH-Et is a better inhibitor of cal^ I than Z-Leu-Phe-OONH-Et fay 14 fold. 
5 Rcplacment of the Z group (FhO^OCO-) by snnilar groi^ such as PhCH2CH200-» 
PhCe^CH2S02-» PhCHjNHCO-, and PhCH^CS- would also result in good inhibitor 
structures. The best inhibitor of ca^iain n is 2>Leu-Abu-CX)NH-{CH2^ Changmg 
Ae B3 and R4 groups significantly inqnroves the inhiUtoiy potency toward ca^iain IL 
The best Dqiqitide Ketoamide inhibitors are those windi have long all^ side chains 

10 (e.g. Z-Leu-Abu-CX)NH-(CH2)7CH3), all^ side diains with phenyl substituted on the 
allyl group (eg. Z-Leu.Abu.CONH-(Ciy2-^'^X 0^ * groups with a morpholine 
ring substituted on the allgi group [e.g. Z-Leu-Abu-CONH-(CH2)3-Mpl, Mpl » - 
N(CH2CH2)20]. Bipcptidt a-ketoamides with a small aliphatic amino add residue or 
a Phe in the P^^ site are also good inhibitors for cathqisin B. The best inhibitor is Z- 

15 Leu-Abu-CONH-Et and rqilacement of the Z (PhC3^0CX>-) by PhC3l2Ci^CO-, 

PhCB2CH2S02-, PhCHjNHCO-, and PhCH2NHCS- would also result in good inhibitor 
structures* 

EXAMPLE lB(ili) 
Stiibaitv of Peptide Keto-Comoounds 
20 We determined the half-life of several Peptide Keto-Conq)ounds in both plasma 

and liver homogenates. The results of the detersunations of stabiUly of the compounds 
in plasma and liver homogenates aro shown in Table lB(iiQ. 
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Table lB(iii). StabililyinPlasiiiaaiidinUm'orP^tideKi^o-Qiiiipoii^ 





1 TnWhUnr 


tl/2 






plasma 


liver 


5 


1 Z-Leo-Abn-COOEt 


2JS 






1 24iqpSO2*Lea-LafcAlnH00OEt 


> CO 






1 2-NapC0>Lai-Lea-AlnHC00Et 


25 






Tos-Lm-Lea-Abn-COOEt 


30 






Z-LohAlm-COOH 


>60 


>60 


10 


Z-Lea-Abu-CONHEt 


>60 


>60 




Z-Len-Abu-CONKsPr 


> 60 


>60 




Z-LahAba-CONBoBo 


>60 


>60 




Z-Leu-Abu-CONmBo 


> 60 






Z-Leu-Abii-CONHBz 


> 60 


>60 


IS 


Z-Lm-Fhe^COOEt 


7J 






Z-Lea-Phe^COOiiBn 


7.7 






Z-Lni-Phe-CX>OBz 


L9 






Z-Leu-Phe-COdH 


> 60 


>60 




Z-Leu-Pbe-C»NHEt 


>60 


>6D 


20 


Z-Leu-Pbe-CONHnPr 


> 60 


>60 




Z-Lea-nie-CONHnBo 


> 60 


>60 




Z-Loi-Plie^CONHiBa 


>6D 






Z-Lai^he-CONH(CH,)^h 


> 60 






Z-Leu-Nle^COOEt 

— 1 


3.7 
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1 TwMliHmr 


tl/2 


plasma 


liver 


Z-Leo-Nva-COOEt 






Z-Leii>Met-COOEt 


8 





A can be seen from the data in TaUe lB(iiQ that the Peptide Keto-Compounds 
5 are generaOy quite stable in plaama and liver homogoiates. However, it is also shown 
that the Pq)tide a-ketoamides were substantial^ more stable in both plasma and liver 
than the ootresponding p^tide a-ketoesters 

EXAMPLE IC 
Protease Inhibition bv Halo>Ketone Peptides 
10 Ihe HaIo*Ketone Pq)tides, like the substituted isocoumarins, are irreversible 

inhibitors of Ca^ain. We determined the K^\I\ values for various members of this 
class of compounds against Calpains I and IL For oonq>arison, we also determined 
these values against the additional thiol proteases Pkipain and Gathqisin B for at least 
one Haio-Ketone Pqitide. These values are not direct^ comparaUe to the K| or 
15 IC50 values detennined above for other classes of inhitutors. 

We assayed Ca^am I and n using Suo-leu-tyr-amidometl^looumarin. Papain 
was assayed using benzoyi-aig-4*nitroanilide) and Cathq)sm B (bovine) was ass^ed 
using CBZ-ly»-4*nitrophei^ ester. We followed the progress curve method of Tian and 
Tsou, BioAemistrv. 21:1028-1032 (1982), the disdosure of is hereby incorporated 
20 fay reference, to derive kinetic data. Briefty, this method makes use of the equation: 

[PJ - VfSI/K 
(1 + [S]/K)Anf] 

^ere [PJ represmts the concentration of product formed at a time approadiing 
infiniqr» Ais die in the presence of substrate (S), K is the Micfaadis constant and 
25 [Y] is the concentration of the inhibitor. Since [S] and [Y] are known and V and K can 
be determined, can be readily detennined 

The ^ j^ P] for various Halo-Ketone Pqitides are diown in TaUe IC 
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10 



15 



T4BI£1C 

KINEIIC FABAMEIERS OF Halo-EetiBie PtftUies 

P 



Inlubitor 


a 




Z-Gly-Leu-Fhe-CH2a 


28400(r 


946000 


Boo-GljF-Lea-Piie-CH^a 




902000 


Z-Leu-Fhe-CH^a 


225000^ 


585000 


Z-G^r-LeihAh-Ca^Cl 




210000 




2S900^ 


33400 


Z-ValrPhe-CB^a 




27200 


Z-Ala-Phe-CB^a 




2400 


Ao-Ala-Ala-AIa-Ala-CB^Q 




1300 


d « Ca^ainl 
Cn = Ca^ainU 
P = Papain 
CS s Cathepsin B 


l-Rat 

^-Ebnnan 

3-Babbit 





CB 



540000 290000 



It can be seen from die results in Table IC Oat die Odo-Ketone Pq^ 
20 inhibit Ca^iain^riditelathfefy high K^P] values. H particular, Z^-teu-phe-CHia, 
Boo^-leu^he-CHjCa, Z-totpbe-CHj^ Z-gJyJeu-ala-CHia were found to 
possess signifieantCa^iaininhibitoiyactivi^. Liaddidc«,Boc-^-]eui>he-CH2ams 
diown to be someiriiat qiedfic to Callpain. ^ lows inhibitoi^ 
Ca&qianB or Piqiaindian toward Ca^ain. The cesolts shown in die taUe rareal diat 

Thus, the failoddng group is not shown to have a great efiEect on Ca^iain inhibitoiy 
activiQr. 

The kinedc constants of other irreversflJe Captain Lihibitors indude the 
following widi Kapp/PJ in parendieses: E.64 (7500), E64-d (23000) and Z-leu-leu-tyr- 
30 CHNj (230000). E-64 is conunodalljr availahle from Sigma Chanical Co, and is 
shown here to be a poor inhibitor of Calpain. Z-leu-leu-lyr-CHNj is a diazomedqrl 
peptide compound, here diown to possess agoificant Calpain inhibitory activity. 

2. TnhiMriiM nf Calpain fa Naaal Tissues 
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In ordet to evaluate the tniithirinn of Calpain by the various Calpain Inhibitors 
in neural tissues, we assayed the Ca^ain Inhibitors using the known abiUqr f Calpain 
to deave ^ectrin, a pr tein component of neuronal and other tissue, into BDFs. In 
this assay, more effective Ca^>ain Inhibitors will prevent the oonvosion of qiectrin into 
5 BDF's. Exanqde 2 is one example of such an assay. 

EXAMFLE2 
Inhibition of Oibain in 
gnide Brain Brtraete bv Ciihiatn Inhibitors 

Ihe ac tivity of Ca^iain in crude farain extracts was measured by famminftig the 

10 Cb^'^'-stimulatedproteoifysisof the endogenous substrate q)ectri^ Brain tissue was 

homogenized in IQmM Tris pH«7.4» 03^ sucrose, ImM EGTA, ImM dithiodireitol 
and the nuclei and debris removed by low qieedcentrifiigation. Various Ca^ain 
Inhibitors were added to the supernatant in a DMSO vehide and a caldum salt (final 
effective concentration about L2mM) added to start the reaction. Proteolysis of 

15 spectrin was evaluated by western Uot as described fay Seubert, et aL (Brain Research, 
459226-232, 1988), the disclosure of ^riiich is hmby incorporated by reference. 
Briefly, a known quantity of a qiectrin-containing sample treated with Ca^ain is 
sq>arated by SDS-PAGE and immunoblotted with anti-^ectrin antibody. Hie amount 
of ^ectrin immunoreactivity found corre^nding to the diaracteristic BDFs is 

20 indicative of the amount of spectrin activi^ present in the sample. An exanqdaiy 

method for quantitating BDFs is to assay Spectrin BDFs by homogenizing brain parts 
in 20mM Itis pH«7.2, 32M sucrose, 50jiM Ac-Leu-Leu-nLeupH on ice. Homogenates 
are then mixed 1: 1 with 10% SDS, 5% B-mercaptoedianol, 10% gjijfcerQl, lOmM Tris 
pH-8.0, 0.5% bromophenoBdue, heated to 9S*C; and subjected to electrophoresis in 

25 4-1/2% po^raaylamide gds. Ihe proteins in the gds are transferred to nitrocellulose 
and the spectrin and BDFs detected using a rabbit pofydonal anti-spectrin antibody 
and established immunodetection methods. The amount of ^ectrin and BDP's in each 
sample can be quantitated fay den aiuometil c scannmg of the developed nitrocellulose. 
Due to Ca^ain's requirement fi>r Ca^'*', hi the absence of Ca^'*' little or no 

30 spectrin proteofysis occurred, regardless of the presmce of inhibitor, while in the 

presence of Ca^"^ the qiectrin was >95%Gleaved toBDFswith]n40mm.if no Ca^ain 
Inhibitor is added 
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Both Iei^>eptm and CU showed inhibiticm in th^ In 
addition, the following compounds of the Substituted Heterocydic Compounds wer 
found to produce «gntfigan» inhihitbn at 100 |iM: 
S-dibioisocoumann 
5 3,4-dicfaloroisoooumann 

3>benzyia3y'4-diioroisocoumaTin 

7-(ar*^f y1fliTiin n).4-rfilom>^prc^^ 

4<faIaio-3-(3-isodiiureidopropG07)isooouma£m 

7..amino-4<hloio-3- 
IQ (34salfaiurddc^qpG0Qr)isocoumarin 
7-(benq^cazbamqylamino)^<faloio-3* 

(3-]sothiureid(9iopa]qr)isocoumazin 
7-(phenyicaibamo3ilanuno)-4*cfaIoio-3« 



15 7-(ace^lam]no).4-chloro*3« 

(3-isothiureidopTopo9Qr)isocoumarin 
7-(3-pheny^propioi5/iamino)-4-dibro-3- 

(3-isoiIunreidqpropo]7)isocoumann 
7-0>henyiaceQdamino>4<hloro.3. 
20 (3*isoduureidopiopo37)isocoumarin 
7-<LpphcttylaIaiiylamino>4-diloro.3. 

(3-isothiureidopropoxy)isocoumarin 
7-(benqdcarbamaylamino)-4-chIoio-'3> 

(3-isodiiurdldoethoxy)isocoumai]n 
25 7«^heigdcaibamo!ylamtnoy4-ddoro-3- 

(3«isothiureidoethoiy)isoooumarin 
7-(D*phenylalaiqrlamino)-4-diloio-3- 

(3>isodiiureidoethoay)isocoumarm. 
Tbe foDowing conq)Ounds of the Halo-Ketone Peptides wm also found to 
30 produce significant inhibition at 100 pM: 
Z-Leu-Fhe-CH2a 
Ac-Leu-Fhe-Cma 
Z^Gfy-Leu-Fhe-Cma 
Boc-Gly-Leu-Fhe-CH2a 
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Ao-Val-Phe-CH2a 
Z-GI)r-Leu-Ala-CH2Cl 

In additiont the following oompouncb of the Pq)tide Keto-Conqx)iind8 were 
found to produce significant inhibition at 100 |iM: 
5 Bz-DI^Phe-COOEt 

Z-Leu-Nva-OOOEt 

Z-Lett-Nle<XX>Et 

Z-Leu-Fhe-COOEt 

Z-Leu-Abu-OOOEt 
10 Z-Leu-Met-OOOBt 

Z.AIa-Ala*DL.Abu.CXX>Et 

MeO-Suc*Val-Fro-DL-Fhe<XX>Me 

Z-Ala-Ala-Ala-DL-AIa-COOEt 

MeOSuc-Ala-Ala-Pro-DL-Abu-OOOMe. 
IS ZpLeu-Phe-CXX>Et 

Thus, the Substituted Heteroq^dic Compounds^ Peptide Keto*Compounds and 
Halo-Ketone Pqitides» in addition to let^qptin and CI1» provide inhibition in brain 



3. In Vfvo InhibitioD of Neurod^enenition throng Ihftision Techniques 
20 In order to demonstrate that the inhibition of Ca^)ain activity alone is sufficient 

to inhibit neurodegeneiation in vivo, we tested the ahili^ of the Calpain Inhibitor, 
lei9q)tin, to inhibit neurodegmeration in getbib subjected to transient ischemia. 

As stated above^ leupq>tin is pooily membrane penneant Therefore, leupeptin 
is not eipected to cross the Uood-farain barrier CBBB*)veiyw According, in 
25 order to provide the brain with sufiEdmt leupqitin to adequaleljr inhibit Ca^»in 

acthration, we used brain infiision techniques. Throu^ die use of these techniques we 
wereaUeto sulgect brain tissues to intimate ointact with leupeptin for su^^ 
periods of time. Example 3A is provided to diow the jitsim protection £r^ 
neurodegmmtion found during one such study. 
30 EXAMFLE3A 

In Vivo Protection A gainst Neurodegeneration 
A small cannula was implnnt^ in the ri^t lateral ventricle of adult gobils, and 
secured to the skull with dental oemmt An Alzet mioo-osmotic pump was attached to 
the cannula for intracerebroventricular perfusion. The pump was filled with either 
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saline alone (amtrol) or Ieupq)tm (20 mg/ml in saline). After three days peifiision 
with eilher the control sohition or with thelenpeptin sohrtion, transient ischemia was 
induced lyWlateralfy damping the carotid arteries for a period <rf Core 
temperatures were taken during and following ischemia, with no diff^^ 
between control and leupeptin treated animals. Fourteen days later, the animab were 
sacrificed by Nembutal overdose and transcardial perfusion of a 10% sohition of 
paraformaldehyde in EBS. Qnonalsectionsaf the brain were stained with creqilwolet 
and were examined for the extent of nemonalloss. The control geittls exhibited the 
^jtol dainage finmd in the CAl fiddfinowing isdiemia, wit^ 
Howeror, the leupeptin treated getbOs showed fir less neurodegeneration, ^ onfy a 

15% loss of neurons. 

The results of Example 3A cannot be explained by changes in thermoregul^^ 

stace core temperatures did not differ between the groups. Accordingfer. we beUeve 
thf ^'r'" {"lifliitoiy Mtiriiy of tomeotin is regxmsible for the observed 
15 differences in neuronal cett loss. In order to further quantitate the differences, a^^ 

verify that leupeptin produced a Calpain inhiWtoiy effect within the observed regions of 
the brain, we performed a related series of oqjerimenls. In this series of experiments, 
spectrin BDFs were measured in the leupeptin treated and control animals. As 

discussed above, these BDFs are hidicative of the amount of Calpain activity occurriAg 
20 widiin the tissue. aanqileSB is provided to demonstrate the results of Aese 

expcilments. 

EXAMPLE 3B 

bqdantation snrgoiBS and damphg of the carotid arteries wore performed as 
25 above with a conttoWschemia gionp (n-4) and a teupepdn-isAemia group (n-5). A 
third group of animab (nM) received implantation with pmnping of salme, but was not 
subjected to ischemia. Animals were sacrificed by d eca pit a tion 30 minutes after 
damping of the arteries. The htafas were rapidty removed and placed in cold 

homogenization buffer (032 M sucrose, 10 mMTWs-Ha 2 mM EDTA, 1 mM EGTA, 
30 100 pM loqiepthi and 1 |»g/ml of the Balo-Ketene Compound, tos-phe-CHia 

(TPCK)). The CAl region of the h^»pocan?)us was diea dissected The sanqdes from 
both control and leupeptin treated animab were then prepared for SDS-PAGE and 
immunoUotting with bbded anti-spectrin antibody, as described above in connection 
with in vitro uses of the Qlpam Inhibitors. The control annnafa exhibited a mariod 
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increase in the levels of BDFs idative to the geibik not subjected to ischemia* These 
BDPs co-migrated ^nth BDPs observed after in vkro proteofysis of q>ectrin with 
Ca^Mun. The brain tissue from the leiq>q)tin treated gerbils exhibited q>praxiinatefy 
25% of the HDF's observed in the oontrcdisdiemia treated gerbils. 
S Another group of gethils (n-S) were sacrificed immediateljr after ischemia 

without leupq>tin treatment in order to observe the effects of ischonia without 
reooQfgenation. Thesegerinlscadiibitedaritnikff amount of increase of BDF 
contratisdiemic gerbib observed after a 30 minute rqier&sion period 
Tbm, the results of Eaxapic SB indicate that ]eiipq)tm exerts its 

10 neuroprotective effect through the inhibition of Ca^»ain activatioa The results also 
indicate that the observed proteolysis of q>ectrin was an effect of isdiemia, and not 
secondary to the reonygenation. According, the results indicate that inhibition of 
Ca^ain activity in vivo produces a neuroprotective effect 

Although the foregoing studies demonstrate that leupq)tin can inhibit 

15 neurodegen^ation in vivo> leupq>tin is not the therapeutic drug of choice because of 
the need to infuse the drug directly into the brain for an extended paiod of time to 
exert its neuroprotective effect This is due to the relative^ poor ability of this 
compound to cross the BBB. According, it is believed that a more therapeuticatty 
practical way to inhibit neurod^eneration would be to use more membrane permeant 

20 Inhibitor of Ca^min. 

4. Platel^ Permeability 

Li accordance widi our discoveries demonstrated in Exanqsles 3 and 3A, we 
believe that having a confound cross the BBB and enter CN5 tissue is a key 
charactoistic of a ther^mitical^ useful af^roadi to treat or inhibit neurodqpenaation 
25 within the CNS. Use of Ca^)ain inhibitors that have enhanced membrane penneahility 
is one sudi approach. Thus, we measured the ability of various Calpain inhibitors to 
penetrate the platelet monbrane and inhibit Ca^ain that is normalfy contained in 
platelets. As shown bdow in the following examples^ our results indicate that particular 
compounds of the HeterocTdic Compounds, Pqitide Keto-Compounds and Halo- 
Ketone Pq>tideS| in addidon to the Pq)tide Aldehyde, CU, eriiibit good membrane 
permeability. 

As an indication of the monbrane permeabiliQr of the various Ca^ain 
Inliibitors, we measured the abiUQr of various Cal^iain Inhibitors to penetrate platelet 
membranes and inhibit the Ca^sain nonnal^ found within platelets. The membrane of 
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platdets is bdieved to have mai^ sunOaiides to BBS and aoc^ 
oqjenments are bdieved to prowde a good indication of the abi% various 
Calpain Inhibitors to cross the BBB. Erample 4 shows the results of some of 4ese 
{datelet oqieriinaits uang the Ca^iain tohibitois of the pres^ 

EXAMPLE 4A 
^emhrane PerHTirPtifn ftf OV"*" Tnhihitofg 

Platdets were isoiated by a modificatiim of die mediod of Feinil and Maitin, L 
•Rial. Chem- 26430723-20729 (1989), the disclosure of whidi is heidy incoiporated 
reference. Blood (15-20 ml) was drawn from makSprague-Dawiey rats into lOOmM 
EDIA^atiate containing 10 units hqarin, and centiifuged 30 minute 
zoomtenqiaature. Thepbsmawasresuspendedin ISndbufEer 1 (ISfimMNaCa. 
2.7mM BO. 0.42mM Na^PO^, 12mM NaHCX)^, 2niM l^gOj, 2 mg/ml BSA (Sigma), 
5.6mM gtaoose,22mMNa3Citiateifl 6^ and platdets were isolated at 2200 rpm at 

room temperature of 25 minutes. Platelets were resuqHmded to 10^ cells/ml in buffer 
15 2 (136mM Naa 2.7mM EO, 0.42 NaH^04, 12mM NaHCOj, 2niM Mga 1 mg/ml 
BSA, 5.finiM glucose, 20mM HEFES pH 7.4) and allowed to "resf for a minimum of 
10 ipmnt es at room temperature brfore use. 

Platelets w«e incubated for 5 minutes in the presoice of inhibitor. Inwderto 

provide sufBdent intracellular calcium to activate Ca^iain, Ae calc^ 
20 A23187 was added to a final concentration of l|iM. Ate a tether 5 minute 
incubation, the platelets were harvested by cent ri fiigatinn (1 min 10,00Q«g) and 
resuqiended in 10% sodium dodecj* snlbte, lOmM Ttis pH=8.0, 5% 
B-mercaptoethanol, 0.02% hromqjhsial Uue, and heated to 95' C for 5 min. 
Samples were subjected to SDS-PAGE on 6% mini gds and transferred to 
25 nitroceQuIo8e(SchleicfaerandScfaueIlBA83)for2houi8atl00mA/gelinanLKB 

Novablot paters were blocked for 10 minutes in 025% gelatin, 1% BSA, 0.25% Triton 

XlOO QS% NaO, lOmM Ttis^ pH 7.5, incubated ovonigjit in tiie same solution 
containing antibody to rat spectrin, washed 3 X 10 minutes with lOmM IHs-a pH 7^, 

0S% Triton XlOO, mcubated 4 hours in wash bute phis alkaline phosphatase 
30 coiijugated goat anti-rabbit antibody (Biorad), and washed as above. Filters were 

developed using the BioradAP conjugate substrate kit Spectrin immunoreactivity on 
die fitters was quantitated by d e n s i tome try. 

Hie inhibition of Caipaia within platdets as measured by the proteofysis of the 
endogenous Calpain substrate spectrin in the presence of inhibitors was assay 
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varied of Calpain Inhibitots. The pooify penneant inhibitors lei;p^ 
Uttle effect on intraHh^lflr f>^a^'^ In contrast, the highfy membrane pomeant 
Heterocyclic Con^unds, Pq)tide Keto-Compounds» and Halo-Ketone Pqitides 
effectivdy inhibited platelet Ca^iain. 
S The following Heterocyclic Compounds were Samd to produce significant 

inhibition at 100 |iM in the syston of Example 4: 
3*chlorojsoooumai]n 

4<Uoro-3-(3-isothiureidopnypa]7)isooouniann 
7i.amino4-Gfaloro-3- 
10 (3-i80thiurddqpropasy)i80coumaz]n 
7<{ben^Icaibamo]flaniino)-4-diloro-3- 

(3-i80thiureidoprqpaa7)isocoumazin 
7-(phaiylcarbamqylammo)-4-cfaloro-3* 

(3-isothiureidppropORy)i5ocoumarin 
15 7-(acetylamino)-4-chloro-3- 

(3-isothiurddoprppGQ7)isoooumarin 
7-^3-phei9^opioiiylamino)-4-cliloro-3- 

(3-isothhireidopropoxy)isoooumarin 
7-(phenylacetylamino)-4-diloro-3- 
20 (3-isothiureidopropaxy)isocottmarin 
7-^phenylaIanylamino)-4-cfaloro-3- 

(3-i50thiureidqpropoo7)isooouniarin 
7-(ben2ylcatbamo3flamino)-4-€UQro-3* 

(3-isotfahireidoethGa7)i8oooumaijn 
25 7-<pheaylc8ibamoylanuno)-4-diloro-3- 

7«(D-phenylalanylanuno)-4-cfaloro-3- 

(3*isothu]readoetlicacy)isoooumarin. 
The following Halo-Ketone Pq>ddes were found to produce significant 
30 inhibition at 100 |iM in the system of Example 4: 
Z-Leu-Phe-CHZa 
Ao-Leu-Phe-CH2a 
Z^ly-Lai-Phe-CH2a 
Boc*Gfy-Leu-Phe-CH2CL 
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IIie£QllowingFq)tide Keto-Coiiq)oiinds w^e found to produce signifi c ant 
inhSudon at 100 |iM in die system of Example 4: 
ZrAla-AIa-DJ^-Abu-COOEt 
Z^Ala-AIa-Ala-DjAAla-COOEt 
S MeO-Suo-Ah-AIa-Pro-D^AbupCOOMe 
Z-Leu-Fhe-OOOEt 
Z-Leu-Nle-OOOEt 
ZrLea-Nva-GOOEt 
Z-Leu-Abu^OOOEt 
10 Z-Leo-Alm 

ZpLettH4-a-Fhe4300Et 
ZJLea-Leu.Abu<XX>Et 
Z-Leu-Leu-FlieOX)Et 
2-NapS02-Leu-Abu-CC>OEt 
15 2-NapS02-Leu-Leu-Abu-COOEt 
Z^Leu-Met-CO^t 
Z-Leu-NLeu-CO^Et 
Z-Lm-Fhe-CX>^ 
2>Leu-Abu-002Bu 
20 Z-Leu-Phe-CX)^ 
Z-Leu-Abu-CO^ 
Z-Ah-Ala-DJ>Abu-OOOBzl 
Z-Leu^Fhe<XX)H 
Z-LeQnAbu-GCX>H. 
25 Among those oonQK>unds found to esdiihitCa^»mxnh^ 

hffmrp«»te system of Bmnqde2, wefound at least three confounds ^diich failed to 
ediiisitCa^aininhilntoxyacdffilyindie These 
compounds are leupeptin, MeO-Suo-Val-Fro*D J/-Rie-OOOMe and Bz-D J^Fhe- 
COOEt Lenpcptin is known to be pooify membrane penneant, thus confinna^ 
30 the platelet assay will exdude known poozfy membrane peimeant compounds. 

According, the two Peptide Ki^oconqx)unds found not to provide Cai^ain inhibitory 
acdviiy within platelets are also bdieeed to be poorfy membrane praneant, and would 
not be eaqpected to cross the BBB. 

EXAMFI£4B 
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We performed additional quantitative r semi-quantitatnre studies on several 
Fqitide Keto-Conqxnmds using the assay of Example 4A, caocqit that IC50 values were 
detomined as the conoaitrBtiQn at vMdti 50% of the Ca^udn activation present in 
5 controls occurred. Results are shown in TaUe 4B. For the soni-quantitative assays, 
indicated with -i-'s in Tal3te4B,V« indicates detectaUeinhft |iH ^-^-^^ 

indicates significantljr more inhibition than and "-t-^-i-" indicates no detectable 
activation of Calpain detected. 
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TABLE4B 

Piatd^ Assay alFeptiit Ketoamldes, Krtoesters and Krtoadds 



5 



Inliibltor 


—J 


Z-Leu-Abu-COOEt 


42 


1 Z-LeopAbu-COQiiBu 


28 


1 Z-Leu-Abu-COOBz 


++ 


Z-Leu-Leu-Abu-COOEt 


40 


2-NapS02-LearLeiHAba-OCX>Et 


100 


Tos-Lea-Leu-Abu-CCX>Et 


30 



Z-Leu-Abu-CXX)H 


8 


Z-Lea*Abu-CX>MHEt 


L5 


Z-Leu-Abu^NHnPr 


70 



Z.Leu-Abu<X)NHiiBtt 


2.0 


Z-LeurAbu-CONEBBu 


28 


1 ZrLeu-Abu-CONHBz 


L5 


Z-L«i-Phe-COOEt 


42 


Z-Leu-Phe-COQnBu 


+++ 


Z-Leu-Phe-COOBz 


" 


Z>Leu-Leu-Fhe-COOEt 




Z-Leu-Phe-COOH 


65 


1 Z-Leu-Phe-CX>NHEt 


1.7 


1 Z-LeupPhe-COMHnPr 
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3.0 


ZrLeu-Nle-COOEt 


20 


ZpLeD-Nva*OOOEl 


40 


Z-Leu-Met-OOOEt 


+ 


Z-Leu-4-a-Phe-COOEt 


+ 



Table 4B shows that peptide a*ketoainides and ketoadds were much more 
10 effective than coireqKmding peptide ketoesters in this platelet assay. Extending the 
R3 group to an aD^l group or an alfyl group substituted with a phenyl groiq> increased 
the membrane permeabilily of the inhibitors as indicated by increased potency in the 
platelet assay. In view of these results, .^qdicants believe that extending the R group 
to indude longer aDgd groups or alkyl groups substituted with phenyl groups would 
IS increase the mmibrane permeability of a givra inhibitor. 

In view of the foregoing, the resuhs of Exanqiles 4A and 4B support our belief 
that dl and the Substituted Heterocydk Conqxnmds, Peptide Keto-Compounds and 
Halo-Ketone Pq)tides are believed to be membrane penneant and therefore^ are 
expected to be effective in crossing the BBB subsequent to myjsa administration of the 
20 compounds. 

5. Gtnfamafp TeoddtSy 

To fiirther identify those Ca^sain Inhibitors likefy to possess pharmacological]^ 
active neuroprotective ability, we tested the ability of the CaJ^ain Inhibitors to protect 
against ^tamate exdtotaadty. Excess extracellular glutamate is thought to play a key 
25 role in the induction of neuropathology in ischonia, wbiA is accompanied by Calpain 
activation. In siq)port of this role for excess ^tamate, cultured N18-RE-105 (a 
neuroUastoma-retinal hybnS) cells can be killed by the addition of ^utamate into the 
culture medium. This ^tamate-mediated cytotcxidty is calchmi dependmt and can be 
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xeduoed diroDgh a mnnber of meGbanisms, 

die N-'^pe vidtage^eDsitiro calcium cfaamel, an^ 

nntagnn.-^ Ijjos^ ^hitaiiiat&4iiediated IdQiiig of N18-SE-10S 0^ 

for neacopadiologjr. 
5 AMotdingfy, TO tested the abilily of the Ca^iamlnl^ 

induced ceU death in these cdls in order to estaWish that the Cal^ 

decrease or prevent glntamate-hidiiced death Of N18-IlE.105oe]I& Some of these tests 

are shown in Eminple S. 

EXAMFI£5 

iQ irih»Mnn ftf QinTnintitHniiTr^ 

StodE eoltiires of N18>RB-10S cdb woe manitafaied in Didbeoco's modified 
m^rfhim (DMBM) containinE 10% fetal bowne serum (FBS) and supplemented 
^hypamiiidBe,anaoaptednaiai^^ Subconflnent cultures were split 

and plated into 96-wdl plates. Twemy-fbur hours after platfagAecdls were exposed 

IS to £esh media containing ^utamate and ^ous concentrations of Cai^ain inhibitors. 
COntcoiodls were not treated wiJhj^ntamate. The treated cells received SmM 
^tamate and leupeptin (5|i^ffil) or Ae other Ca^iain Inhibitors listed in Figure 1 at 
3|»g/niL Conversion of MIT was measured 19 hours later as desaibed. Nineteen 
hours a&ec 4e onset of eqwsure, cdl viability was qnantitated by measuring the extent 

20 to which the cells convert 3(4,5Kiimetfijlthiazol-2-yl>2.5-diphei9ltetrazoKum bromide 
(MTI) to a blue formazan product, vAidi occurs in the mitochondria of living but not 
dead ceDs (Pauwds et aL, 1988). A higher absorbance is indicative of greater cdl 

viability. 

Figure 1 shows the pocent of bhie fiormazan product lemaining after treatment 

25 with ^utamate, rdative to control v*ere no ^tamate was added. Thus, it can be seen 
tilatwidivdiide phis ^utamate bat no ahiMtor, less than 70% of tiie mitochondrial 
acthity remains. However, Figure 1 shows that several Ca^Min inhibitors, mduding 
leiq»q>tfa, ai and iqiresentatives of the Heterocydic Cenqwrnnds, Pq>tide fe^ 
Compounds and Halo-Ketone Peptides protect N18-BE-105 ceDs agamst ghitamate 

30 toxicity. The Peptide KetoOmqwundCs^ain inhibitor, 2^Ab-AU-Abu-<X)2Et^ 

Substituted Heteroc^die Compounds, OTFrOIC and ACCnQ and die Ealo-Eetone 
Pqjtide, TPCK compl^^ Uocked tiie toxic effects of ^ntamate, resuhing in 100% or 
gteat» of the formioan product as seal with cdb not treated with ghitamate. Thus, 
Exanqde 5 diows that tiiese C^ain Inhibitors ^Bcdvefy Uodc ceU death in an iov^ 
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model for neurppathoio^y. Aooordbgj^» this data fiirtfaer supporte 
Ca^mm bhibitors are neuroprotective Jajdssi* 

6. Redqctton rfIntgctk»iip(mMCA Ocdnskm 

SfrnVi> In ft nig^ififaint hwilth pmhiem m thg hmniin pnpniatinn. Strokes BTO 

S ocdusions of ceretxral arteries producing a decreased blood flow to brain regions, which 
cause odi death throu^ OQfgen and nutrient dqaivation. Ibis tj/pe of lesion can be 
modeledinnitsby surgicdoodttsionof thendddteoerdiralarteiy Several 
models for MCA oodusion have been develqpedt and all give substantially similar 
results. 

10 MCA oodusion produces a large volume of infarcted brain tissue 24 hours after 

occfaudon* Previous studies have shown that the size of the infarct as judged by TTC 
staining does not increase after the first 24 hours post-occhision. Thus, we used an 
MCA ocdusion model in order to test the abili^ of Ca^>ain inhibitors to prevent 
neurodegeneration. This modd is described in Example 6. 

IS EKAMPLE6 

MCA Ocdusion Modd for Neurodegeneration 
Male Sprague-Dawiey albino rats wei^iing approodmatefy 250-300 grams were 
anesthetized with pentobarbital (70 mg/k^ iji.). The nedc region was diaven and a 2 
cm incidon was made. The si^erfidal fascia was teased aw^ with tissue forceps and 

20 bhmt tqi tissue scissors using a 9read method The right common carotid arteiy was 
isolated away from the vagus nerve and tied off with a dn^e suturo (3.0 dDc). The 
external carotid was pomanently ocdnded fay suturingi The bifurcation of the internal 
carotid and ptoygopalatine arteries was eaqxssed and a dn^e microaneurysm dq> was 
placed on the pteiygppalatine. Another microaneuiysm dq> was placed on the common 

25 carotid just proodmal to the extenud/intenial bifurcation. A suture was placed loosety 
around the common carotid and a fannen was made in the vessel with the tq) of a 25g 
needle. A 40 mm nylon suture was prq>ared by melting the tip to smooth the pointed 
end and marked with a dot exactfy 17.5 mm from the melted end. The suturo was 
insmed into the lumen of the artery as far as the vessd dq>, the dip is ronoved and 

30 the suture advanced until the marking was at the bifurcation of the intonal and 

external carotid artmes. Thisplacestheendof the suturo in the drde of Willis just 
b^ond the source of the middle cerebral artery and oodudes this artery. The loose 
suturo around the carotid is tied lightfy to keep the iiylon suturo in place. The 



SUBSTITUTE SHEET 



wo 92/11850 



PCr/US91/09786 



•lo^ 

nuenMnemysmd^oath ptaygppaiatine artery was removed, the indsion is 
and Ae animab are allowed to reoower m heated recoveiy cages. 

Twenty-four hours after ocdnakm, the brains of these animals were removed 
and diced into 2mm sections. The sections were stained using 2,3> 
5 tr^henyltetrazQliumeMoride (see Dmcty,EF,SQlik,BS, Frank, 

DJ, Zdenodc GB, and D'AIecy, LG, Moiphometricwahiaticm of fctaln infarcts in rais 
and gerbils, /. nanmcoL MeOu 16^01-214, 1986). Absence of ted color devdqpment 
indicated tissue damagp or death. The aizes of the infiacted tissue zone (area with ted 
stain) and impaired zone(atea with paitialdevdoimieot of ted cdte^^ 

10 using quantitative moiphuuieliy. 

Dru^ or vdiide were admhustered by infusion into the femoral vein. ASL 

animals received the same vohime of drug or vdiide (20% dimetlq* sul^ 
propylene gbmO via a catheter attached to an Abet osmotic minipump (24 hr pump, 8 

ol/hr, 90 nl total vdume). 
15 xhemodelofEnunple6wasusedtodetenninethesizeofin£arctedareafor 

control (vehicae, £v.) and wifli administration of each of two Calpain inhibitors: Z-Leu- 
Phe^NH-Et (CX2e9) and Z-Leu.Abu-C»NH-Et (CX275). These results are 
dq>ictedgraphicalfy in Figure 1 B can be seen that administratiDn of either of the 
Calpain inhibitors Z-Leu-Jhe^NH-Et (CX269) or Z-Len-Aba^NH.Et(CX275) 
20 produces a reduction in the size of the infarcted area. 

7. Inhibition of Anoodc and ^pasic Damage 

The CAl region of hippocampus is a brain area patticnlaify vutaetaUe to 

ischemic damage and other insults hwohingeMitatory amnio adds. The hippocampus 

isalsoamajorfocusofcdldegenenrtioninAlzhdmer'sdisease. Neural cdls in slices 

25 d^eiate following hypoiiathiougli the same diainot events (indudingteperfa^ 
efiects) observed imSm during and after Isdiemia. We bdieve that studies of 
degeneration of neural dices in the presence of the various Ca^win Inhibits 
cBEectiveindicatorefthemembranepetmeanceoftheCalpainlh^ Accordingly, 
we believe that these studies provide a modd for the treatment and inhibition of 

30 neunnh^enetatioiiiiLYiHl. Similar studies for determining the efBcaqr of compounds 
useW in the tieatment of neorodegeaeration in accordance with the present invent!^ 

can be peribtmed using other modds, sudt as protection against degeneration in 
platelets cff cdls in culture. 



SUBSTITUTE SHEET 



wo 92/11850 



PCr/US91/09786 



-103- 

It is believed that faypcoda is a majc^ cause of neurotcodaQr in a vaiie^ of 
neurodegenerative diseases and condhioiis» such as stroke Thus, we 

c o n du cted fiirther studies using hqipocampal dices to show that the various r^Tpnin 
inhibitors, advantageous^, can increase survival of hqqx>campal nerve oeDs dudng 
5 eaqposure to hypoodc or anoDoc conditions. An initial screening procedure was first used 
to qualitative^ detomine vAether the various Ca^uun iDhihitors can provide 
neun^rotectionfiromancQda in hi^ipocanqml slices. An example of these initial 
screenn^ procedures is shown fay Bomqde 7A. 

EXAMPLE 7A 

10 Liitial Screen for MdbMon of Anaxfc PflmRge 

Hippocanq>al slices (400 um) were prepared firom Sprague Dawley rats (6 to 7 
weeks) and maintained in an interface chamb^ at SS^'C using conventional techniques, 
ie^ the lower surface of the slice received a constant perfusion (0.5 ml/min) of ACSF, 
while the iq>per surface was a^>osed to a moist atmoqihere of 02:C02 (95%:5%) 

15 excfaangedat arate of 2L/min. The ACSF medium contains (in mM): NaQ (124), 

KQ (3), KHPO4 (2S), CaCl2 (3.4), NaHCOj (26) and D-GhKX)se (10). Field excitatory 
posc-synaptic responses were recorded fiom stratum radiatum of CAlb in response to 
stimulaticmof SGhafiFer-commissuralfibminCAlaorCA]& The depth of the 
recordmg electrode was optmized and evoked refuses west collected at a rate of 

20 one evoked response eveiy 30 seconds. 

For the initial screraing procedure^ 14 to 16 dices are harvested firom the 
hq)pocanq>usof asiQgleratandidacedinacommonACSFbath. Eadi slice is tested 
in sequmce to determme the magnitude of its pre-anonc evoked response. Five 
stimulation pulses (eadi 0.1 ms (millisecond) in duration) were presented over a 15 

25 second interval The largest evoked re^Kmse was noted and recorded for each slice. 

Following this, the slices were incubated for one hour, with eith^ drug or 
vehicle alone added to the ACSF. Aft^ the one hour drug incubation period, the 
oo^gen-enridied atmoq>here of the diamb^ was made ancodc by substituting nitrogen 
for oo^gen (N2 » 95%; CO^ » 5%). Hie dices were retained in this anosdc 

30 environment for 10 minutes, following wfaidi the cocygen-enridied atmo^here (O^ » 
95%; GO2 « 5%) was reestablished 

The slices wm given the opportunity to recov^ for 30 minutes following 
recocygenation wfaereugKm each was stimulated and the masdmum evoked potential 
determined, as described above during the pre-anozia period. Those slices viAuch, after 
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ancBda. produced a mffldmiim evoked potential of greater than 50% of that observed 

prior to anoxia woe defined as sotvivmg dices. 

Results of the studies of EacampleTA. ate shown in Figure 3. FigureSshows 

the effects of CX218 (Z-Leo-Abu-COZEt, a Peptide Keto-Compound), and C31 idative 
5 to contrd slices on survival of hippocan^wl slices eqwsed to 10 minB^ 

anascatmoq>here. As seen in this figure, when die oontrd dices ate dqirived of 

to 10 minutes in the absence of druft virtual^ aEM to survive, as mea^ 
by thdr ability to elicit 50% of their pte^wria evoked lesponse. lhaooordanoewith 
this finding fey it any teuovet u pon leoiOTCTation. Eignte 3 also shows fliat when Ol 
10 or CB18 ate added to the ACSF, the sBees ate protected ftom the effects of anoxia, 
evidenced by a substantial proportion of dices eikStfag wdMd potential 

Finalty. it can be seal that CX218 is significanlfy more effective in protectmg 
against anoxia and prevenihig degradation of slices at the minimal 1 hour incu^ 
timei and at lower comwilrations than OL This effect is believed to be due to the 
15 superior membrane permeance of the Peptide Keto-Compoiinds. 

Table 7A diows fuithtf data fiDom die studies of Esan^ 7A. 
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TABIJE7A 

PERCENT OF SUCES SURVIVING TEN MINUTES ANOXIA 
CMBPOWm PPffgCuM) Incubation Time SuqiqI 



Control — ~ Ihour <1% 

5 Leupqittn 1000 ShoutB 50% 

CIl 200 2hoiffs 53% 

CX13(SHq 20 Ihour 50% 

CXB9 (CXP) 50 Ihour 50% 

CXZU^KC) 100 Ihour 70% 



10 It can be seen from the data in TaUe 2 that all of the Ca^iain Ihhibitois tested 

provide increased survival CX13 (ACmc; a Substituted Heterocyclic Compound 
(SHC)), CX89 (Boc-Gfy-Leu-Phe^C^a a Halo-Kctone Pqjtide (HKP)) and CX218 
((Z-Leu-Abu-C02Et, a Peptide Keto-Compound (FKQX ^^h shown to be hi^ 
effective in influoicing survival times. Leupcptm is sem to be the least effective 

15 neuroprotective. Ihus, we beUeve that CX13, CX89 and CQ18 (Z-Leu-Abu-OQ2Et) 
are more effective in influencing survival because of their membrane penneahilily. 
Aooordin^, the results shown in TaUe 7A support our bdief that Ca^am Lihibitors 
with membrane permeability are effective neuroprotectants. 

To finther elucidate the abiliiy of Ca^ain Inhibitors to provide neuroprotection 

20 to hqspocampal dices, and to provide a more quantitative indication of die membrane 
permeability of these Ca^atn Lihihitors^ we measured the effect of various Ck^min 
Inhibitors on the evoked response on a single neuronal slice bef ore» during and after 
anoxia. These studies are shown in Example 7B. 

EXAMPLE 7B 

25 Inhibitimi nf Anroac Damage 

As in Example 7A, hq>pocanq>al slices (400 |im) were prepared from Sprague 
Dawi^ rats (6-7 weeks) and maintained in an interiiace chamber at 35*C M«tng 
conventional techniques, ie. thelow^ surface of the slice received a constant pa:fu8ion 
(0.5 ml/min) of an artificial oerdirospinal fluid (ACSF), while the upper surface was 

30 exposed to a moi^ atmosphere of ©2:002 (95%:5%) exchanged at a rate of 2 L/min. 
Hie ACSF medhmi contains (in mM): NaQ (124X KQ (3), KHPO4 (1.25), MgS04 
(2^ CaOj (3.4), NaHCOj (26) and D-Ghicose (10). Field caoatatoiy post-synaptic 
rehouses were recorded from stratum radiatum of CAlb in re^onse to stimulation of 
Sdiaffer^commissural fibers in CAlaorCAla The dq>th of the recording electrode 
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was optimized and evobd lespooses wete cdlecte^ 
30 seconds. 

After establishing a stable baseline of evoked responses (appiadmatdsr 10 
minutes), ACSF containing Ca^ain Miihitor was washed into die daabet and slices 
5 were incubated fer a period of one hour. Ato incubation, ewdced re^xmses were 
again recorded and the djange in the amplitude of the iwponses from baseline levels 
wasnoted. No effect of the inhibitora tested on baseline ewikedre^Kinses was 

observed. 

For anoda fBperimairt^ incubation in tte druf^ontaining medium was Mlawed 
10 iyitjrfacementoftheP2,<X>2(95%:5%)atmo8plierewithl^^ Slices 
were egqwsed to this anoiic eovironmeat untiL disappearance of die pre-qm^tie fiber 
von^ and fte two minutes (sewere anoxia) toi*gBr (total time in anoodcemriron^ 
i^ipranmate^ 7-8 minntBS in control case). EtEects of Calpain Inhibitors on the 
fimctional recoveiy of the dices after the anoric q»isode were then measured. 
15 Recovery of the evoked potential (EPSP) slope and amplitude by the drug treated 
dices can be compared to oontrd dices to determine the relative e£Bca«y of various 

rVilpain Tnliihteors. 

Figure 4 shows die BPS' anqjlitude in mfllivolls for control, ai treated 
CX218 (a Peptide Keto-Conpound) treated hippocampal slices in die studies of 

20 ExampleTB. fi can be seen in Figure 4 that die control dices deprived of o^gen in 
die absence of drug dis^jlay a gradual reduction of EPSP and ahruptfy lose fiber voUqr 
activi^ about 5-6 minutes after the beginning of amnda. ReoaygMiation at orbrf l ffg 
this point leads to coo^Iete fimcdmial recovery after about 20 minutes of 
leo^geaation, but reoiqfpoatiDn^ESdiispamt does not la die latter case die 

25 recovered CTSP dope and anqditude become ptogresshdfejr reduced as die duration of 
anoxia post-fiber volley disappearance (post-FVD) increases. After severe anoda (2 
minutes post-FVD), dices recover mfy 15% of die EFSP slope. 

b oontratt to die control dices, recovery b^gfais to occur diorti^ afta die Old of 
anoxia for die treated dices. Figure4dww8aconq)atisonof dieefBectsonEPSP 

30 anqilitude produced in die piesfflice of no inhibitor, die P^tideKrto-ConqKJund, 

CX218, ^Leu-Abn-C02Et) and CU. CX218 produces a recovery from severe anoxia 
siqierior to that sem Willi QL 

Figure 5 diows the poooit recov«y of EPS? from severe hypooda using die 
peptide kttoesta CX 216 (Z-Leu-Hie-OQZEt) and its ootre^onding pqitide 
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ketoamide CX269 (Z-Leu-Hie-OONH-Et). Ihese stodies were perfonned in a maimer 
8iiii2ar to Aat of Esunple 7B| croep t usmg a bypcadc enviroiunent in place of the 
anoodaofBmiDpleTB. It can be aeen that iise of die peptide Iwtoamide results in 
essmtiaOir oonqdete (near 100%) leoovecy from fajrpada ^rtifle the peptide ketoester 
5 produces a partial recovery. The oontrd slices cq>erienced little or no recovery. 

An interesting diaractenstk that we have discovered for certain Ca^ain 
Tnhihitors is their ability to lengthen the period of tsposate to anooda required to 
produce fiber voDqf disappearance (FVD). Typically, under control anooda conditions, 
fiber voD^ disappearance occurs in less than six minutes (Figure 6). ThePeptide 

10 Eeto-Compound, CX*216^ substanttaDylengdiens Ae period of esq^ 

required to produce FVD. This is an important advantage of the use of this Pq>tide 
Keto-Con^und for neuroprotection because slices can be cspected to recover 
con^ietefy if reo^genated before fibn volley disqypearance. Thus, treatment with this 
Pqrtide Keto-Compound is aq>ected to produce a greater percentage of recovery of 

IS cells from incqjient neurod^enerative conditions. It is believed that other 

rqn-esentatives of the Peptide Keto-Conqx)unds as well as of other classes of Calpain 
Inhibitors also provide this effect. 

TUde 7B shows the perecentagp of recovery of pre-anooda synaptic transmission 
(evoked potential anqditude) of slices treated wiA various Cal^wm Lihifastors or of 

20 control slices. M of these sUces were ejqnised to ten minutes of anooda according to 
the protocol of Exanqde 7B. 
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TABL£ 7B 

PERCQ4T BECOVQtY OF SfSAFOC TKANSMBSION AFTER ASOOA 



Compoiind 


Concentration 


%Hecorav 


Control 




15 


ai 


200 


35 


CX13(SHC) 


20 


60 


CX89(CKF) 


50 


30 


CX216(FBC} 


100 


38 


CXZ18(FKiC) 


100 


55 



IQ XhecesiiItsdiciTOmTddeTB provide fmAereradeiM 

aldehyde, dl, as well as the Substituted HetenxTdic Confounds, Pqrtide Keto- 
Cbmpounds and Halo-Ketone Peptides are sufBdentfy membrane penneant to provide 
neuroprotection tiuouf^ Ca^iain inhibittaL 

Cn, wbich is at least partial^ membrane pomeant, produces some effect, 

15 however, does not significant lengdica the period of anooda required to suppress 

dectiical activity. Thus, compared to control, or even compared to leupeptin and CO, 

the Substituted Heteioqwiic Compounds, Pq)tide Keto-Compounds and Halo-Ketone 

Fqitides can increase the degree of recovay after anoxic q>isodes while producing the 

additional advantage of ertoiding the amount of time dices can tderate anooda (and 

20 thereby recover completely). 

>to m^ortant effect of die Pi^tide Keto-Oon^oands and othv membrane 

pemeant Cb^mm Lih9Htocs is that tfaqr are significant more eff^^ 

than less permeable C^^ninlohaiitorBSodi as OL Atthongli Ol is shown to be at 

least someiAat membrane permeam due to its aMity to affect slice survival, the mor^ 

25 in0^hTanm.fgrmeant inhibitiMa provide iriwiificanfly increased protecdon. Ilnis,die 
more hi^ membraneiJermeant Ca^ain Inhibitors are bdieved to be e^edally 
effective in treating and inhibiting neurodegenmtion. 

The results of die studies of Ennqdes 7A and 7B diow that the Substituted 
HeteioiTdic Conqmnnds, Pqitide KetoOra^wunds and Halo-Ketone Pqitides are 

30 ntembrane-permeantCa^iain Inhibitors whidi are beKeved to be espedaltyeffecti^ 
treating and inhibiting naitodegaieration. "Ihe results also show that Pq»tide Keto- 
Compounds, and peAaps reptesaitatives of other dasses, can ert«id the duration of 
anoxia required to suijpressdectrical activity in hqjpocanqjal slices As discussed 
above, these effects axe important advantages of these conqwunds. 
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8. loJQsB Neuroprotection by Calpabi TnhlbHmrs 
As discussed above, therapeutics usefiil for inflyendng the function of ceDs 
within the CNSniust cross the BBB to reach their targets within Non-BBB 
penneant oonfxninds mi^ in addition to the lirain infusion techniques described 
5 above, be administered via intraventricular adminbtration, but this also severe^ limits 
their usefidness in practice. In order to test the jojosQ efEsctivaiess of the Cal^ain 
Inhibitors to cross the BBB and become therapeutical^ useful, we tested the ability of 
intrq>eritoneal injection of the Ca^min Inhibitors to protect against exdtotcodc damage 
in vivo, Protectionwasmeasuredbyevahiatingchangesinbehavior of rats after 
10 iqection with kainate. These studies are shown in Exanqple 8A. 

EXAMPLE 8A 

Protection Apainst Behavioral Changes from Exritotoric Damage bv PeripheraBv 
Administered Calpain Inhfeitors 
Rats (male Sprague-Dawiqr, 200±5 gms) were injected intraperitoneally with 

15 12mg/kg kainic add in saline vehide and ether 200|dDMSO (dimetfaylsulfoodde) or 
4.6mg ca^ain inhibitor dissdved in the same vobmie of DMSO. Hie rats were 
observed for six hours following the iqections and die kainate-induoed bdiavioral 
synqitoms and oonvukions scored on a scale of 0-6 (0*no symptoms; l^wet dog 
diakes; 2BsaIivation and chewing; Seat least one convulsive qiisode; 4arepeated or 

20 sustained convulsion^ S^oonvuhions, indudi^g rearing and fdling; 6«convulsions 
followed fay death within the 6 hrs post injectbn). 

Figure 7 shows the effects of CIl on the behavioral and convulsbe effects of 
kainic add. In the control groi^, ova: half the animals showed synqptoms greater than 
mild behavioral symptoms, and many exhibited overt convulsions, presumably reflecting 

25 seizure activity within the brain. Vnexpeatedfy^ in the inhibitor treated group, the 
inddence and severity of convulsions was reduced. Thus, this data suggests that 
Ca^ain Inhibitors have an anti-convulsive effect This effea is a distinct advantage in 
the use of Calpain Inhibitors in q)ilq)sy-related neurodegenerative conditions and in 
stroke, whidi is often, accompanied by seizures. 

30 In order to more dearfy demonstrate that die behavioral and anti-convulsive 

effects seen with the Ca^min IhhibitorB result from inhibition of Ca^ain we tested the 
brain tissues ofthe rats from Eaom^eflA for aocumubtion of q^ectrinBDPs. As 
discussed above, these HDPs are associated with Ca^ain activity and with the 
neurodegaeration associated therewith. 
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EXAMPLE SB 
PrrT^m Af^I^ Spertrin Breakdown from Exritotoric 
Damftf e bv Pen pheralhr Administered Catoain fahibitors 
Four dsfs foDofwing the injecdon of 1™™^*^ ja the tats from Enmplc SA, the 
5 brains of the lats woe lemcmd ami assayed fx apec^ Spectrin BDPs were 

fls^ay^ }j h9T«»fl«"^'«g parts in 2flmM Tris pHg7,2. sucrose, SOuM Ao> 
Lea-Leu-iiLeu*Hoiiice. Hrano^nates were suKd 1:1 with 10% SDS, 5% 
B-mmaptoethancd, 10% gj^ycend, lOmM Tds pHs^O, 05% faiomophencdfahie, heated 
to9rQaiidsulgectedtoc]ectrophore8bin4-l/2%pQl^^^ Iheproteins 
10 in the gds were tmu&ned to nitrooelhilose and ike apectim and BDPs detected using 
a tattit pd^i^donal anlK^>ectDn antibod|y and established immunodetection methods. 
The amount of ^ectrin and BDF's in each sample was quantitated by densitometric 
scanning of the de^elc^ed nitroceUuIose. 

Figure 8 shows the results of Example SB. It can be seen that kainate 
15 stimulated the breakdown of specxm, in both Calpain Lihihitor treated and control rats. 
However, treated rats eadiibited significant^ less BDPs. These results verify that 
C^^jain activity in the brains of the treated rats was lednced. An uncoqiected 
observation was tiiat even those treated awtmstk that exhibited severe sexzures had 
ftt gnffimiit^ Ifigg lyegtrm breakdown Aan untreated animals subjected to kainate. Thus 
20 Calpain Inhibitor treatment reduced boA the bdiavioral/convu^ 
and the activation of ca^am in the most sever^ afEected animals. 
9* Concbislon 

An of die fbzegaing studies siqiport our discovery that Ca^win Tnhibitors 
provide in vivo protection against neurodegeneration associated wiA anaxia» 

25 excitotaxicity and other causes. Thus, dseseCa^ain inhibitors possess neuroprotective 
activity against a variety of in vivo nrarodegenostive diseases and conditions, including 
exdtotoxicit^, HIV-induced neuropathy, ischemia following denervation or injury, 
subaradmoid hemorriiage, stroke, multqde infarction dementia, Alzheimer's Disease 
(AD), Huntington's Disease, Parkinson's Disease, surg^-reiated brain damage and $ 

30 other pathological conditions. 

Those Ca^sain Inhibitors which possess significant Ca^ain Inhibitory activity m * 
vitro and also meet at least one of die foregoing or differrat tests for manbrane 
permeability are excdloit candidates for treatmat of nrarodegeneration. 
a TOUGDELTVERY 
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Tlie ahili^ of the various Ca^)aiii Inhibitors to poietrate plaana membranes is 
a significant advantage of these compounds from a pharmaceutical perspective. We 
believe that this ability, advantageously; allows the Ca^iain Inhibitors to provide 
eaoeUent pennealian of the hlood4nam barrier. Ibis is in contrast to many 
5 pharmamitinals, eyedal^ pcptideSi idiidi often eriiibit poor permeation of the blood- 
brainbairier. Thus, we bdieve that the C^pain Inhibiton wiU ediib^ 
as pharmacfuticaBy neuroprotective agents. 

For treatment of neurodegenerationy the f^ipntw Inhibitors can be admintstered 
oral^, tqiicallyorparenteralfy. llie term "parenteral" as used herdn indhides all non- 
10 oral ddivecy tedmiques including transdermal administration, subcutaneous injection, 
intravenous, intramuscular or intrastemal iqection, intraAecal iqjection (directly into 
the CNS) or infusion techniques. 

The dosage depends primarify on the spedSc formulation and on the object of 
the thoapy or propi^axis. The amount of the individual doses as well as the 
15 administration is best determined by individual^ assessing the particular case. 

However, in prdferred compositions, the dosages of Calpain Inh3)itors per day are 
preCoabfy in the range of 1 |ig/kg total body mass to 100 mg/kg total body mass, more 
preferabfy in the range of 10 |ig/kg total body mass to 10 mg/kg total body mass. 

The pharmaceutical oonqxsattions containing the active ingredient may be in a 
20 form suitable for oral use, for erample as tablets, troches, lozenges, aqueous or cOy 

suspensions, di^msiUe powders or granules, emulsions, hard or soft capsules or syrups 
or elixirs. The amount of acthw ingredient that mqr be combmed widi carxisr 
materials to produce a single dosage fonn wiD vaiy dqiendmg upon the host treated 
and the particular mode of administration. Howeva, ^picaD^^, a sin^ dose will 
25 contain sufficient Calpam Inhibitor to provide a oon^dete day's dosage in a single oralfy 
aocq>taUe f otm. 

For injection, the therapeutic amount of the Calpain Inhibitors or their 
pharmaceutical^ accqitaUe salts will normally be made by subcutaneous injection, 
intravCTOUS, intramuscular or intrastemal injection, or by intrathecal injection (directly 
30 into the brain). In order to provide a single day's dose with a single injection, the 
pharmaceutical conqxisitions for parenteral administration wiQ contain, in a sin^ 
dosage form, from about 70 |ig to about 7 g of Calpain Inhibitor pa* dose of from 
about 0.5 ml to about 1 Uter of carrier solution. In addition to the active ingredient, 
these pharmaceutical compositions will usuaify contain a buffer, eg. a phoq>hate buffer 
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that keeps th pH in the range from 3 J to 7 and also sodnan chloride, and can also 
contain mannitol or sorbitd for adjusting the isot In a preferred form of 

these compositions, DMSO or oth« organic solvent is added in onte to assist th 
introduction of the Ca^ain Inhibitor across membranes. 
5 A^^finnMy^ lipids can be intiDduced into the frtiannaceatical compositions in 

order to f ?trH^^^ entry of die Ca^iain inhibitor conq>onnds into tissue of the CNS. 
Thffff mmpogiHW are pr^ared in acoprdanoe with methods known to those of sMl in 
theart Btieft^, a Iqud sudi as, phosphatii^ dioline, 

Iqiid carrier or mixtures thereof is mind widi the active confound atong with a 

10 solvent, die sohrent is dried off and die material reconstituted in salina The 
oomposidons can also include oAer ingredients known to those of ordin^ 
art, sudi as detergents, sur&ctants or emulsifying agmts. 

A composition for topical application or infusion can be formulated as an 
aqueous sohition, lotion, jdfy or an oily sohidon or susp«ision. A composition in die 

15 form of an aqueous sohition is obtained by dissolving die Calpain Inhibitor in aqueous 
buffer solution of pH 4 to 63 and, if desired, adding a potymeric binder. An oity 
formulation for topical application is obtained by suspaiding the Calpain Inhibitor in 
an oil, optionalfy widi die addition of a swelling agent such as ahmiinh i m stcarate 
and/or a surfactant IlieadditionofDl^O to these topical conqiositions is bdiei^ 

20 to aHow at least partial penetratmn of die active Ca^ain Inhibitor into die Uood 
stream after application of the comporition to the ddn of a patient to allow for 
transdermal adminit'tp*tTOP- 

For treatment of neurod^genoation resulting from eaDcitotosicity, HIV-induced 
neurqpadiy, iscbemia foUowing doiavation or iii|ury, subarachnoid hemorrhage, stroke, 

25 muIt^lle infarction dementia, Abdidmees Disease (AD), Huntington's Disease, surgery- 
related brain damage Parkinson's Disease, and odier pathological conditions, the 
C^^nin Inhibitors or pharmaceutical^ aooqitable salts thereof may be administo-ed 
oralfy or parentaally. The dosage depends primarily on the specific formulation and 
on the object of the therapy or pn?jhyiaxis. The amount of die individual doses as wdl 

30 as the administration is best determined by indrvidualty aaessing die particular case. 

In maigr acute neurodegoiCTative conditions and events, such as stroke and 
head iigury, it is important to deliver the Ca^ain ItthM 
practicable. Thus, it is prcfaaWe to identify those indhoduals who have suffered 
stroke, head injury or other injury in which neurod^eneration is associated or is likefy 
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t occur, and to begin administration of a 

after th event, in order to prev«t as mudi neurodegeneration as possible. 

A partiailar application of the Ca^iainlduhitors within the scope of the 
present invention is the application of these ODn^ounds during surg^ to prevent 
5 neurod^genOTtion associated thoewith. For exanqfle, for surgeries performed under 
goieral anesthesia, hypoxic conditions can occur througji inadequate per&sion of the 
CNS while under anesthesia. Additional^, many major surgeries of the cardiovascular 
system require that a patimfs heart be stopped and that perfusion be maintained 
through artificial means. In sudi surgeries, there is an increased danger of hypooda 

10 occurring within the ac,^rfiich can also resdt in neurodegenmtion. Moreover, 
during neurosurgeries, th^e is an inherent ride of neurodegeneration resulting from 
inflammation, bleeding, hemorrhaging and the like. Sudi neurodegmeration can be 
inhibited by infusion with a solution containing Ca^ain Inhibitor. However, 
neurodegeneration resulting from neurosurgery can also be reduced prophylactically by 

15 administration of a Calpain Inhibitor through any of the foregoing administration 
tedmiques. Such administration is also believed to inhibit or prevent 
neurodegeneration associated with the use of anesthesia or with die use of artifical 
means of perfiision during major surgeries. A surgical patient can also have Ca^ain 
Inhibitor administered throughout surgery throu^ intravenous drip. 

20 The following tramples are intended to iDustrate certain neuroprotective uses of 

the Calpain Inhibitors within the scope of the presrat invention. As sudi, they are not 
meant tolunit the invention in aiiy way. 

EXAMPLE 9 

A Wgurrorotytiyg CgmpQgitim for liittavmoiB Mgrton 

25 500 i&g CH3CX>NH-CiI?rOIC from Exan^de SHC2 
4 ml Propylene G^fcol 

1 ml DMSO 

EXAMPLE 10 

A Neuroprotective Composition for Intravenous Drip 
30 250 mg Z-Leu-Phe-CONH-Et from Rrample PKC 47 
1000 ml Pho^hate Buffered Saline (pH 6.0) 
10 ml DMSO 



SUBSTTTUTE SHEET 



wo 92/11850 



PCr/US91/09786 



-114- 
EXAMPLEll 

A Neuroproti ^^p^ gpff^sttton for Transdennal Apidiarim 
25 mg Z-Leu-DI^Abu-CXX)Et from Exanqile ETC 

Sml Phosphate Buffered Saline OpH 6.0) 

5 2iiil DMSO 

EXAMFIE12 

T^rTnrrrntMtirf' 

A first ffoap of patients iwfao are irictims of head trauma is gben 2 ml of die 
injectable compositiQn of Example 9intravenousl|r wtfain teamumtes of ^ of 
10 iiyuty. A second groiqi of simiMirmatdied patients does not receive the ocn^^ 

The first groiq) of patients cAiWlsmartedfyfBwar and less severe outward symptoms 
of neurod^enmtiont such as donentia, monory loss and pacafysis. 

EXAMPLE 13 
Neuroprotection Dn rinp Surgery 
15 Apatient about to undergo a tnple bypass heart surgery is administa-ed 500 ml 

of the oonq)osition of Example 10 per hour usmg an intravenous^ During 
surgery, thepadenfs heart is stopped and perfiision continued Arougji artificial means. 
Although conqdications develop ^e restarting the heart and disconnecting the patient 
from Ae artificial means of perfusion, the patient becomes conscious within several 
20 hours of surgery. Within a few days, the patimfs menial status is normal wilh no 

indic^ ^r^"^ of neurodegeneration. 

It wia be appreciated that cotain variations may oiggest thmisdves to those 
sUUedintfaeart The forcing detailed desolation is to be clearfy understood as 
giv» by ^ of ilhistration, the spirit and sc(^ of this mvention b^ 
25 througih reference to tiie i^ipended daims. 
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WHAT IS CLAIMED IS: 

1. Use of a Cai^iain inhibitor compound or a pharmBmitirally aooeptaMe 
salt or derivative thereof for the maimftflhire of a medicament for tfihihiHng or treating 
nenrodegeneration in a mammalhaviiig (vlilc^ to apeneao^ a neuropathology 

S associated with neurod^eneration. 

2. The use of Oaim 1, wherein the neurodegneration is occurring due to 
egBcitotnricity, HIV-induoed neuropathy, isdiemia, denervation fiiDowing ischemia or 
injuiy, subarachnoid hemonfaage, stroke, mult^ in&rction dementia, Alzheimer's 
Disease, Huntington's Disease, or Parkinson's Disease. 

10 3. The use of Claim 1, wherein the medicament comprises a 

pharmaceutical^ accqptaUe carrier and is for paroiteral administration. 

4. The use of Claim 1, wherein the medicament is in a form suitable for 
oral use. 

5. The use of Oairn 3, who^ the medicamoit is for transdermal 
IS administration, subcutaneous injection, intravenous, intramuscular or intrastonal 

injection, intrathecal injection directly into the CNS or infusion. 

6. Tlie use of Claim 1, wherein the medicament is for substantial^ 
preventmg neurodegenmtion in a patimt undergoing surgery during and subsequent to 
the surgeiry. 

20 7. The use of Claim fi, ^erem the medicament is for a patient undergoing 

neurosuri^, cardiovascular surgery or a surgery using general anesthesia. 

8. Theuseof Oairn 1, ^erem said Ca^ain inhibitor oonqiound enters 
tissue of the CNS of the mammal. 

9. The use of Claim 8, wherein said Calpain inhibitor compound is 
25 membrane-permeant 

10. An in vitro method of selecting Calpain Inhibitors for use as Ca^ain 
Inhibitor protectants in the in vivD treatmmt or inhibition of neurodegmeration, 
comprising: 

identifying compounds having Ca^ain inhibitory activity jiLXZtCQ; and 
30 identifying those conq)ounds with Ca^ain inhibitory activi^ that are 

membrane permeant throug}! an in vitro assay for memtone permeance. 

11. The method of Claim 10, wherein the insini ^ssay for membrane 
permeance comprises: 

providing a plurality of tissue portions from a mammal; 
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treating at kast one» bnt not all, of the tissue portions with a Calpain 
liohibiton 

sutgecting the tissue portions to an evoit that can canse degeneration m 
untreated tissue; and 

5 measurhig the amount of degeneration that Occam in the t^ 

and 

con^iaring the amount of d^cration that occurs in the treated ti^ 
portions wifli the amount of d^cration ocamcing in the untreated tisaie 
portions^ 

10 ^Aecem an amount of degeneration k the treated tissue po 

amount of H^g^*^tl»n in the untreated tissue portions indicates that the Ca^nin 

Inhibitor is mmibrane-pecmeant 

12. The method of Claim 11, wherein the tissue portiom comprise hrain 

slices, platelets or cells in culture. 
15 13. The method of Caahn 11, wherein the measuring step conq)rises 

anatyzing tiie tissue portions for the presence of die BDFs of a <ytoskdetal 
component. 

14. The methwl of Oaim 13, wherein the cytoaMetalcomponait is spectrin, 

MAP2, actin binding protein or tau. 
20 15. The mefliod of Oann 11, ^aem die measuring step comprises 

mffayiyftng the dectrical activi^ ci die tissue portions. 

16. The method of Oafan 11, wfaoein die Jilz^ assay for membrane 
penneance conqirises measuring die afailily of die 
platelet membranes and mhlbit endog^ous Calpahi of die platelets. 
25 17- Use of a Substituted Heterocyclic Congound or a ph a rm aoe uri ca Hy 

aooeptahte sate or derivatiro tiiereof for die manufiu^ure of a m 
or treating neurod^enaation in a manunal having or liteljr to eqiKienw 

neuropadidlogy associated with neurod^eneratioiL 

18. The use of Oaim 17, wherein the medicammt is for inhibitmg or 
30 treating noirodegenmtion of the CNS. 

19. The use of C2ain 17, wh^ein said Substituted Heterocyclic Compound 
cxmqiiises a membo' of the Class I Substituted Isocoumarin^ 

20. The use of Caann 17, wherem said Substituted Hetwxydic Compound 
comprises a memba of the Class n Substituted Isocoumatins. 
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21. The use of Claim 17, iKAerein said Sidstitiited HeUsnxTdic Compoimd 
comprises a member of the Class m Hetenxydic Compoonds. 

22. Hie use of Claim 17, iiiieran said Subsdtiited Heterocydk Confound 
is S-Gfaknoisoooumazin; a 3,4Hiidiloroisoooumaxiii; a 3-alko:i7-7.amino-4. 

5 cfalozoisoooumaiin; or a 7-fii]h5titiited 3^alica^-4<iiloroisoooumaxin. 

23. The use of Claim 17, lAetein said SubsdtutedHeteroGT^ 

is CflPrOIC NH^-CiTPrOIC; PhGH^CONH-OTPrOIQ CH3(X)NH^TPrOIC, 
Phe-NH-OTPrOIQ FhCH^CX)NH<3IEtOIC; FhCH2CONH.CiIEtOIC; or D-Pbe. 
NH-CflEtOIC 

10 24. Use of a Fq>tide Keto-Con^und having Cal^ain inhibitory acthdty or a 

pharmaoeuticalfy aocq>table sah or derivative thereof for the manufocture of a 
medicament for inhibiting or treating neurodegenoration in a mammal having or likety 
to es^erience a neuropathology associated ^dth neurodegeneration. 

25. Hie use of Claim 24, wiierein the medicament is for inhibiting or 
15 treating neurodegeneration of the CNS. 

26. The use of Claim 24, ^riimin said F^itideKeto-Compoimdoon^^^ 
pq)tide a.ketoester. 

27. The use of Qabn 24, ^eiehi said Fqitide Keto.Compound comprises a 
pq>tide a-ketoadd. 

20 28. The use of Oann 24, ^erem said Peptide Keto.Conq)om^ 

peptide a-ketoamide. 

29. The use of Claim 24» herein said Pq)tide Keto^nq)ound comprises a 
compound that is a mmber of one of the following subclasses: IXpcptidt a-Ketoestm 
(Subdass A), Dqiq)tide a-Ketoesters (Subdass B% Tr^eptide a-Ketoestm (Subdass 

25 A), TE^>q)t^de a*Ketoesters (Subdass B), Tetrapq>tide e-Ketoesters, Amino Add 
Pqitide a-Ketoesters, Dipq)tide a-Ketoadds (Subdass A), Dq>q)tide a-Ketoadds 
(Subdass B)» T^^>q)tide a-Ketoadds» Tetrapq)tide a-Ketoadds and Amino Add 
Pq)tide a-Ketoadds, Bipcptidt a-Ketoamides (Subdass A), D^q)tide a-Ketoamides 
(Subdass B), Tr:^)ept^de a-Ketoamides, Tetrapq>tide a-Ketoamides or Amino Add 

30 a-Ketoamides. 

30. Use of a Halo-Ketone Peptide havmg Cal^atn inhibitory activiQr or a 
pharmaoenticaHy aooqitable salt or doivative thereof for the manufacture of a 
medicament for mhihitmg or treating neurodegeneration in a mammal having or likd^ 
to esperienoe a neuropathology associated with neurode^eration. 
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3L Tlie use of Claim 30, ^vherein the medicameat is for mhihiting or 
treating neurodegenoatioii of the CNS. 

3Z The use of Claim 30, wheieta said Halo-Ketone Peptide 0^ 

amino4alo ketone pqitide. 
5 33. The use oCCIaim30, ^dierein said Hab-Ketone Pq)tide concfirises a 

diazo-ketone peptide. 

34* Theuseof aiijroneofCIainis 17 diroiq^ 33 ^Aerdn the 
neurodegeneration is associated with eaBatotoodd^, BlV-induoed neuropatfay, ischemia, 
ffliT%an»g>'"ft'<^ hemordiag^ stroke, brain seizure, m^or heart attack, muitqple infarction 
10 dementia, Aldidmer's Disease, Hiuntingtan's Disease or Bu^^ 

35. The use of aii7 one of Claims 17 tiiroi^ 33 wherein die medicament 
compzises a pharmaceutical^ aocqitaUe carrier, and is for parenteral administration. 

36. The mediod of any one of Claims 17 throu^ 33 wherem the 
ffi^ij^avnmf is in a fonn suitable for oral use. 

15 37. Hie use of 35, wherein the administration comprises transdennal 

administration, subcutaneous injection, intravmous, intramuscular or intrastemal 
iiyection, intrathecal injection directt^into the CNS or an infusion technique. 

38. The use of any one of Claims 1 Arou^ 9 or 17 throug|i 37, wherein the 
neurod^eneration is offHTrring from isdiemia-indudng events, stroke, head injuiy, 

20 maj or heart attack; brain seizure, near drowning, carbon monoxide poisoning; surgery- 
related brain damage or another erait known to cause neurodegeneration. 

39. A method of minimiaang proteofysis in an in vitro sample containing 
pqitides or protems during or foflowing the processmg, product^ 

isoHation, purification, storage or transport of the sanqdes, c ompri s mg Ae addition to 
25 the sanqde of a Substituted Eteterocydic Compound or a Pqptide Keto-Compound that 
isamonberof oneof the&Ikiwingsubdasses: Dqyqptide a-Ketoest^ (Subdass A), 
Dq>eptide a-Ketoestm (Subclass B), Tr^tide a-Ketoesters (Subdass AX Trqieptide 
a-Ketoesteis (Subclass B), Tetrapq>tide a-Ketoesters, Amino Add Peptide 
a-Ketoest^ Dq>q)tide a-Ketoadds (Subclass AX D^eptide a^Ketoadds (Subdass BX 
30 Tr?)qrtide c-Ketoadds, Tetrapqptide a-Ketoadds, Amino Add Pq>tide a-Ketoadds, 
D^eptide a-Ketoamides (Subdass AX 1>ipeptide a-Ketoamides (Subdass BX 
Tdpeptide a*Ketoamides, Tetrq)q)tide a-Ketoamides or Amino Add a-Ketoamides. 

40. Amethod of niinimizing degradation resulting frtmi C^ain activiiy in a 
tissue san^le during or following prqiaration of the sample, conqirismg the addition to 
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the sanqde of a Substituted Heterocydic ConqMund, Pqstide Keto-Conqxsund or a 
Halo-Ketcme Pq)tid& 

41. Hie meAod of Oaim 4Q» ^rtierein the saoqde is a ^Ade organ and the 
addition of oonqpound ermfnnmat peifusion of the organ with the oon^und dissohred in 

5 fluid. 

42. The method of C3aim 40, )0vherein, fbUowi^g the addition stqi, said 
tissue sample is used in an assqr for neurodegeneration ndierein Ihe assay comprises a 
test for the products of Ca^min activity in the tissue sanies. 

43. The method of either Oaim 39 or 40, herein the addition of compound 
10 ccnnprises addition of a Pqitide a-Ketoadd to the sample. 

44. The method of Oaim 43, herein said Fq>tide a-Ketoadd comprises a 
compound that is a member of one of the following subclasses: Dq>q>tide a-Ketoadds 
(Subdass A), Dq>q>tide a-Ketoadds (Subclass B), IV^tide a-Ketoadds, 
Tetrapeptide a-Ketoadds or Amino Add Pqitide a-Ketoadds. 

15 45. A pharmaceutical conq>osition for the treatment or inhibition of 

neurodegeneration oonqnising a pharmacologicalfy effective neurc^rotective amount of 
a Substituted Heterocydic Compound or a pharmacftntically aooq>talde salt or 
derivative thereof in a phannaoeutically aooeptaUe formulation containing a carrier 
material 

20 46. A pharmaceutical composition for the treatment or inhibition of 

neurodegeneration oonqirising a pharmacolQgicaQy effective neuroprotective amount of 
a Halo-Ketone Pq>tide or a pharmaceiitically acoqitaUe sah or derivative thereof in a 
pharmaceutical^ acceptable formulation containing a carrier matoiaL 

47. ^ pfinyfpnr^trtwil ^ttypiwIHrni fnr tt»» trMtment nr inhlhltinn of 

25 neurodegeneration conqirising a pharmaoologicalfy ^ective neuroprotective amount of 
a Pq>tide Keto-Compound, ^^ein said Pqitide Keto-Conqxnmd comprises a 
compound from one of the following subdasses: D9q>tide a-Ketoesters (Subdass A), 
Dipcptide a-Ketoesters (Subdass B), Tr9q)tide a-Ketoesters (Subclass A), Trq>eptid 
a-Ketoestm (Subdass B), Tetr8pq>tide a-Ketoesters, or Amino Add P^tide 

30 a-Ketoesters. 

48. The conq>osition of Claim 47, wherein said Pq)tide Keto-Compound 
ocmqirisesoneof diefdlowingconqxnmds: Bz-DLAla-CXX>CH2-C^4-CF3 (para), 
BzpDL-IjfS-OOOEt, PhCX}-Abtt<XX>Et, (CH3)2CH(CH2)2^^^>-^OEt, 
CH3CH2CH)2CHOO*Abu-OOOEt or Ph(CH2)5CO-Abu-COOEt. 
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49. Hie of Claim 47, ^vfaerein said Pqsdde Keto-Con^oiind 
coinpnsescmeof tfaefollamngcanipou^ Z-Ala-DL*Ala-CXX>£t» 
2>AIa-DL-AIa4X)OBzl, Z-Ala-DI/-Ala*^OQiiBii» Z*Leii-Nva<CCX>Bt, 
ZrLeu-Nle<XX)Et, Z-Leu-Fhe-OOOEt, Z-Leu-Abu<XX)Et, Z-Leu^Met-GOOEt, 

2MLeo-NLeii-CX)2Et, Z-DsinFh&Cp^ Z-LeupAbu-00^ Z-Leu-Phe-CX)^ 
MeO-Suo-AIa-DL-Ala-^OMe, or Z-Leo-Abu-CO^BzL 

50. ThecQnq)ositicmafaaim47,^^^ 

cffmprim ffiffg following cQBymnds: Z-AIa-Ala-DLpAla-COOEt, 
10 Z-Ala-Pto-DLpAh-COOEt, Z-Ab*Ala-DL-Abu.CXX)Et, 2S-Ala.Ak.DI/-Abu-CCX)Bd, 
Z^/^-^AtA'Dl^Aba-COOC^^ ^ara), H-Lea-Ala-DL-Lys-CX)OEt, 

Z-Leu-Leu-Abu-<X>OEt, Z-Leu-Leu-Phe-COOEt, MeOSuo-Val-Pro-DL-PhfrCOOMe 
or 2-Nai)S02.Leu-Lett-Abu-<X)OEt 

51. The coii^x)sition of Claim 47, wherein said Peptide Keto-Compomid 
15 compiises MeO^Suo-Ala-Ala-Pro-DL-Abu-OOOMe or Z-Ala-AIa-Ala-DL-AIa-OOOEt 

52. A phannary^^tT«»^ mrnpoOTtion for Ae treatment or inhi h i ti nn of 
neorodegeaeration oonqirising a pharmacologicalfy effective neuroprotective amount of 
a Fq>tide Keto-Con^und, wherein said Pq>tide Keto-Canqx>und comprises a 
compound jtom one ctf the follcwing subclasses: I>q)q>tide a-Ketoacids (Subclass A), 

20 D4)eptide a-Ketbadds (Subdass B), Itipeptide a-Ketoadds, Tettapeptide arKetoadds 
or the Amino Add Pqptide g«Ketoadds, 

53. The con^ositicm of Claim 52» vriierein said Peptide Keto-Con^und 
conqxrisesoneafAefdlawingainiponnds: Bz-DLIys-OOOH, Bz-DLAla-OCX>B, 
Z-Leii-Phe-CXX)H or ZrLeurAbu-GCX>H. 

25 54. A phnrmar^^^'^^ oonqxisition for die treatment or inhibition of 

neurodeg^eration oompiismg a phaxmaoologicalljr defective neuroprotective amount of 
a Pqitide Keto-Compound, wherein said Pq)tide Ket&Compound conqnjses a 
compound from one of the following subclasses: D^eptide a-Ketoamides (Subclass A), 
D4)q)tide a-Ketoamides (Subdass 3% Tk^tide a-Ketoamides, Tetrq>q>ttde 

30 cc-Ketoanudes or Amino Add a*Ketoamides. 

55, The conq)Osition of Claim 54, wfa«^ said Pqitide Keto-Conqiound 
conqrases one of the following compounds: Z-Leu-Phe-CONH-Et, Z-Leu-Phc-CONH- 
nPr. Z-Leu-Phc-CONH-nBu, Z-Leu-Phe-OONH-iBu, ZrLeu-ae-CONH-Bd. Z-Lcu- 
Phe-CONH-(CH2)2Ph, Z-Leu-Abu^NH-Et, Z-Ijeu-Abu<X)NH-nPjr, Z-Leu^Abu- 
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CONH-nBu, Z-Leu-Abu<»NH-iBu, Z-Leu-Abu<X)NH-Bzl Z-Lcu-Abu-CONH- 
(CH2)2Ph. ^Leu.AbuCONHKCH2)3.N(C3!2CH2)20, ZrUsurAbuJCONH^CH^^ 
Z^l^Aba<X>NR^CH^OH, Z-Leu-AI«i-CONH<C^O(CH2)20H, Z-Leu-Abu- 
CONH<CH2)i7CH3, Z^Le^Abi^im^'Cfi^iOC^ or Z-Leu-Abu^NH. 
5 CB2^^. 

56. The compositton of Qaim 45, wfaerein said Suhstitnted Hetem<y' |y> 
Compound oompzises a member of the Qass I Substituted IsocoumaiinSy rjai^ff q 
Substituted Isoooumarins or Class HI H^erocTdic Conqxsunds. 

57. The oonq>osition of Qaim 56, wherein said Substituted Heterocyclic 
10 Compound is S-chloroisocoumaxin, a 3,4-dichloroisocoumaiin, a 3-alka3Q^*7*amino4- 

cfaloroisocoumarin, a 7-substituted 3-aIka]9-4-diIoroisocoumarin; CUPrOIQ NH^' 
OlPrOIC, PhCHjNHCONH^SIPrOIQ CHjCONH^SIPrOIQ L-Phe-NH-QTPrOIC, 
PhGH^NHCONH^lTEtOIQ PhCHjCONH-QTEtOIQ or D-Phe-NH-OIEtOIC 

58. The oomposition of any one of Claims 45 throu^ 57, wherein the 

15 oomposition is in dosage form comprising from 70 |ig to 7 g of active ingredient in each 
dose. 

59. The oonfXMition of any one of Claims 45 throu^ 57, wherein said 
caitier mat^ial compiles a liquid, wherein the conqxisition is in dosage form and 
wherein eadi dose comprises from 03 ml to 1 liter of said carrier muttylfti 

20 60. The composition of any one of Oafana 45 through 57, addi'rintminy 

comprisingatleast oneof thefoUowing: DK^O or other organic solvent, a l^id 

carrier, a detergent, a surfactant or an emulsifying a^nt 

61. Hie composidon of any one of Claims 45 throu^ 57, wherein the 

competition is suitable for parenteral administration. 
25 62. The composition of any one of Claims 45 throu^ 57, wherein 

composition is in a form suitable for topical application. 

63- The conq)osition of any one of Claims 45 throu^ 57, wherein said 

composition comprises an aqueous sohition, a lotion, a jdl^, an oil^ solution, or an oily 

suq)ension. 

^0 64. Use of a Substituted Hetero^dic Compound as a medicament 

65. Use of a HaIo-KetonePq)tide as a medicament 

66. Useof aPqitideKeto^Sompoundasamedicamait, wfaneinsaid 
Fq)tide Keto-Con^Kiund is a oonqxiund from one of the fidlowing subclasses: 
Dipeptide a-Ketoesters (Subdass A), Dipepdde a-Ketoesters (Subclass B), Tripeptide 
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a-Eetoesteis (Sobdass A), Tc^^dde e-Ketoesters (Subdass BX Tettapeptide 
a-Ketoesten, or Amino Add B^dde a-K^oesters. 

fi7. The Bse of Claim 66, vAerdn said Peptide Keto^km?^ 
oneofthefenowingcompouads: B^m^Ahi.COOBX,B^DJ^J>3i-COOCB2-Cfi^3 
5 (para), EzTDL-Lys-COOEt, HiC0-Abu4X)0Et, (CH3)2Ca(CH2)2CO.Abu-COOEt. 
CB3CH2CH)2CHCO-Alm-COOEt or Ph(CH2)6CO-Abu-COOEt 

68. The use of Claim 66, tiAerein said Peptide Keto<Simpoimdc^^ 
one of the following compounds: Z.Ala.DI^Ala4X)OEt,Z.AU.DDAla-CX)OB2l. 
Z-Ala-DLAla-OOOnBu, Z-Leu-Nva-COOEt, Z-LahNe-COGEi, Z-Lea-Phe<X)OEt, 

10 Z-Ijea-Aba<X)OBt,Z'lJBaMA^O^ 

2.N^S02-LeihAbu-COOEt, Z-Leo-NLeo-CO^ Z-Leo.Plie<X)jBu, 
Zieo-Abu^X)^ Z-Lea-Phe^X)^ MeOSuoAla-DL-AIa-OOOMe, or 

Z-Leu-Abu-CXJjBzL 

69. The use of Claim 66, wherdn said Pq»tideKBto.Onx?K>nndcoin^^ 

15 one of AefitUowing confounds: ZAlfcAla-DIrAla-OOOEt, 

Z^.Pto-DIMIa-CX)OEt, Z-Ala-Ala-DLAbu^DOOEt, Z-Ala-Ala-DL-Abu-COOBd, 
Z^-AIa-DI/Abu-COOCHZ^^H^-CFj (pata), H-Leu-AU-DL-Lys^^OEt, 
Z-Leu-Leu-Abu-OOOEt, Z-Leu-Leu-PhfrCOOEt, Me(«uo.Val-Pio.DI/-Phe<X)OMe 
or 2-NapS02-Leu-Leu-Abu-OOOEt 

20 70. The use of Claim 66, wiierdn said Peptide Keto<:Qmpoundconiptises a 

Tetr^eptide a-Ketoester. 

7L Theuseof Claim66,«*ereinsddPqitideKeto<SniqKHmdconqirises 

MeOSuc-Ala-Ala-Pro-DL-Abi^COOMe or Z-AIa-Ala-Ala-DL-AIa-CX^EL 

72. Use of a Pq>ti<teKeto-Convound as a medicament, «*erein said 
25 pq)tideKeto-Conipoundisaconqioundfromoneof AefcDowingsabdasses: 

Dqieptide a-Ketoadds (Sobdass A), D^jeptide e-Ketoadds (Subdass B), Ti^<?>tide 
a-Cetoadds, Tetrapeptide c-Ketoadds or Amino Add Peptide a-Ketoadds. 

73. The use of Claim 72, ^*ecein said Peptide Keto-Con^oundconviises 

one of the fidtowing conqwunds: B&-DLpIy8«X>H. Bz-DLAU-COOH, Ziea-Plie- 

30 OOOH or 2^LeupAba-CXX>H. 

74. Use of a Peptide EetOiObmponnd as a medicament, «^erem said 

Peptide Keto-Cbmpound is a conqKJund from one of the following subclasses: 
Dspeptide a-Ketoamides (Subdass A), Dipeptide o-Ketoamides (Subclass B), 
Ti^qrtide a-Ketoamides, Tetrapeptide a-Ketoamides or Amino Add «-Ketoamides. 
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75. The use of CSaim 74, Persia said Pqitide Keto-Coinpoiind comprises 
oneoftb £aIIowiiig oonqiounds: Z-Leu-Phe-CONH-Et, Z-Lea-nie-CONH-nPr, 
Z-Leu-Phe-OONH-nBu, Z-Leu-Phe-CX>MH-iBu, Z-Leu-Hie-OONH-Bzl, Z-Leu-I%e- 
CONH-(CH2)2ni, ZpLeu-Abu-CONH-Et, Z-Leo-Abu-CONH-nFr, Z-Leu-Abu-CONH- 
nBu, 2>Leu-Abu-CX>NH-iBu, Z-Leu-Abu-CONH-BzI. Z-Leu-Abu-CX:>NH-(C^)2Ph, 
Z-Lel^Abu^NH-(C^•N(C^CH2)20, Z-Leo-Abu-€ONH-(C^>7CH3, Z-Leu- 
Abu-CX>MH-(CH2)20H. Z-Lea-A]»<X>MH-(CH2)20(CH2)20H, Z-Leo-Abu-CONH- 
(CH^yjCH^ Z-Leu-Abu-OOMH-CB2-C^3(OCH3)2 or Z-Leu-Abu-COMH-CHj- 
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CX269, 40mg/kg, I.V. 
CX275, 20mg/kg, I.V. 
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